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BACTERIAL MASS PRODUCTION OF TAXANES AND PACLITAXEL 

BACKGROUND OF THE INVENTION 

(a) Field of the invention 
5 The present invention relates to the production 

of paclitaxel and derivatives thereof (such as related 
taxanes) using a plurality of different bacteria iso- 
lated from different species of Taxus, and also to a 
novel taxane. There are disclosed methods for the iso- 

10 lation of these bacteria and the screening tests that 
were used to provide evidence that paclitaxel and tax- 
anes were produced by said bacteria. There are also 
disclosed methods for the biotransformation of pro-tax- 
anes by said bacteria. 

15 (b) Description of prior art 

Paclitaxel, also referred to as Taxol™, has been 
first identified in 1971 by Wani and collaborators 
(Wani MC et al . , 1971 J. Am. Chem. Soc . , 93: 2325-2327) 
following a screening program of plant extracts of the 

20 National Cancer Institute. This complex diterpene 
showed cytotoxic activity against several types of 
tumors and is presently used in the treatment of some 
cancers such as ovarian and breast cancers. Clinical 
studies suggest that Taxol™ could eventually be used in 

25 the treatment of over 70% of human cancers. 

Paclitaxel differs from other cytotoxic drugs by 
its unique mechanism of action. It interferes with 
cell division by manipulating the molecular regulation 
of the cell cycle. Paclitaxel binds to tubulin, the 

3 0 major structural component of microtubules that are 
present in all eukaryotic cells. Unlike other antimi- 
totic agents such as vinca alkaloids and colcichine, 
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which inhibit the polymerization of tubulin, paclitaxel 
promotes this assembly of tubulin and stabilizes the 
resulting microtubules. This event leads to the inter- 
ruption of cell division, and ultimately to cell death. 
5 The major obstacle in the use of paclitaxel as 

an anticancer treatment is its supply. It was origi- 
nally isolated from the bark and leaves of yew trees 
such as Taxus brevi folia, T. baccata, T. cuspidata or, 
T. canadensis . The low yield of the isolation of 
10 paclitaxel (0,016 g%) and the limited availability of 
the trees have forced the scientific and industrial 
community to find alternative ways of producing pacli- 
taxel . 

The antitumor property of taxoid compounds has 

15 also lead to the generation of new anticancer drugs 
derived from taxanes . Taxotere™ (sold by Rhone-Poulenc 
Rorer) , which is produced from 10 -deacetylbaccatin III 
by hemi synthesis , is currently used in the treatment of 
ovarian and breast cancers. Furthermore, Abbott Labo- 

20 ratories is conducting clinical trials with a drug 
derived from 9-dihydro- 13 -acetyl baccatin III, a natu- 
ral precursor specific to Taxus canadensis . The 
increasing demand for taxanes highlights the urgent 
need for renewable and economical processes that would 

25 not endanger plant species. 

Presently, industrials are producing paclitaxel 
through hemisynthesis from baccatin III, a natural pre- 
cursor of paclitaxel . However, this process still 
relies on a plant substance that must be extracted from 

30 yew trees. The first complete chemical synthesis of 
paclitaxel has been achieved in 1994 by Nicolaou et al . 
(1994, Nature, 367 : 630-634) . This is a multistep proc- 
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ess and the overall yield has made this approach non 
economically feasible . 

Plant cell culture of Taxus species is another 
approach explored by many groups (Yukimune et al . , 
5 1996, Nature Biotechnology, 14:112 9-1132; Srinivasan et 
al . , 1995, Biotechnology and Bioengineering , 47 : 666- ' 
676) . Somehow, this process is limited by the amount 
of paclitaxel that can be produced, the length of incu- 
bation time required to obtain significant yields, and 

10 the application of plant cell culture to the large vol- 
umes required by the industry. 

In United States Patent No. 5,322,779, in the 
names of Gary A. Strobel et al . disclosed a fungus iso- 
lated from the bark of a sample of Taxus brevi folia 

15 which is able to synthetize paclitaxel at a level of 
24-50 ng/1 after a period of incubation of 3 weeks. 
Later, Strobel et al . (1996, Microbiology, 142:435-440) 
reported another fungus, Pestalotiopsis microspora, 
isolated from the inner bark of Taxus wallachiana that 

20 can produced up to 55 |ig/l of paclitaxel within 5 
weeks. Somehow, the long periods of incubation and the 
large volumes required to extract significant amounts 
of paclitaxel reduce the profitability of the process. 

In United States Patent number 5,561,055 (issued 

25 on October 1, 1996 in the names of Michel Page et al . , 
the Applicant) , there is disclosed one bacterium, which 
was referred to as Erwinia taxi, for the production of 
paclitaxel. Since then, this bacteria has been 

characterized as Sphingomonas taxi. This bacterium was 

3 0 isolated from Taxus canadensis . It would be highly 
desirable to be provided with other bacteria having 
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highly diverse metabolic capacities isolated from dif- 
ferent species of Taxus for the production of pacli- 
taxel and related taxanes at higher yields. 

It would also be highly desirable to be provided 

5 with widely different bacteria for the mass production 
of various different bacterial taxanes. 

As mentioned in International Patent Application 
published under number WO97/16200, biotransformation 
process may be used for the generation of new taxanes 

0 molecules that lead to new therapeutic drugs. It would 
also be highly desirable to be provided with new 
strains of microorganisms able to biotransform taxanes 
compounds for use as therapeutic agents or to be modi- 
fied by hemisynthesis. 

5 Genetic manipulations of bacteria can increase 

the activity or the production of certain proteins. It 
would also be highly desirable to be provided with 
mutant of our original isolates that could produce and 
biotransform taxanes at higher levels. 

0 

SUMMARY OF THE INVENTION 

One aim of the present invention is to provide a 
plurality of bacteria for the mass production of tax- 
anes and paclitaxel. 
5 Another aim of the present invention is to pro- 

vide a method for bacterial mass production of taxanes 
and paclitaxel which overcomes all the drawbacks of the 
prior art . 

Another aim of the present invention is to pro- 
0 vide a novel process for the production of taxanes and 
paclitaxel. The industrial application of this process 
would provide alternative renewable sources of taxoids 
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compounds for the pharmaceutical industry. 

Another aim of the present invention is to pro- 
vide a biotransformation process in which plant -derived 
taxanes are converted into substances that may be use- 
5 ful for the production of other therapeutic compounds. 

In accordance with the present invention there 
is provided a method to obtain biologically pure cul- 
tures of bacteria isolated from Taxus , wherein said 
bacteria produce de novo taxanes and paclitaxel at a 

10 concentration of about 1 to 25 |^g/L, wherein said bac- 
teria are isolated from the inner surfaces of different 
species of Taxus including without limitations Taxus 
canadensis , T. jbre vi folia, T. hunnewel liana, T. Jbac- 
cata, and T. cuspldata . 

15 In addition, said bacteria are capable of pro- 

ducing biotransf ormed taxanes wherein pro-taxanes are 
added to their culture medium. 

Such biologically pure cultures of bacteria of 
the present invention include, without limitation, bac- 

20 teria of the genus selected from the group consisting 
of Sphingomonas , Bacillus , Pantoea, and Cujrtojbacterium. 

In accordance with the present invention, the 
bacteria include, without limitation, Bacillus cereus 
ssp. taxi, Bacillus megaterium ssp. taxi, Pantoea sp. 

25 BCM 1, Pantoea sp . BCM 2, Pantoea sp. BCM 3, Bacillus 
cereus ssp. BCM 4, Bacillus subtilis ssp. taxi, Bacil- 
lus megaterium ssp. BCM 9 or Curtobacterium sp . BCM 5. 

In accordance with the present invention there 
is also provided a method of bacterial mass production 

30 of taxanes and paclitaxel thereof which comprises the 
steps of : 
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a) culturing the bacteria of the present invention 
in a growth- supporting nutrient medium capable 
of promoting growth and reproduction of said 
bacteria, and wherein said culturing is effected 

5 for a time sufficient to allow production of 

taxanes and paclitaxel; and 

b) isolating said produced taxanes and paclitaxel 
from said bacteria or culturing medium of step 
a) . 

10 In accordance with the present invention there 

is also provided a process for improving taxanes and 
paclitaxel production of taxanes and paclitaxel produc- 
ing bacteria comprising the steps of: 

a) culturing bacteria in the presence of a muta- 
15 genie agent for a period of time sufficient to 

allow mutagenesis; 

b) selecting said mutants by a change of the phe- 
notype which results in an increased production 
of taxanes and paclitaxel. 

20 The mutagenic agent may be a chemical agent, 

such as daunorubicin and nitrosoguanidine . 

The mutagenic agent may be a physical agent, 
such as gamma radiation or ultraviolet. 

The mutagenic agent may be a biological agent, 
2 5 such as a transposon. 

In accordance with the present invention, the 
mutated bacteria include, without limitation, Sphingo- 
monas taxi D200 or Sphingomonas taxi D201. 

In accordance with the present invention there 
30 is also provided a method of bacterial biotransforma- 
tion of taxanes and paclitaxel thereof which comprises 
the steps of : 
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a) incubating the bacteria of the present invention 
in a growth- supporting nutrient medium capable 
of promoting growth and reproduction of said 
bacteria, and wherein said incubation is 

5 effected in the presence of pro-taxanes for a 

time sufficient to allow production of taxanes 
and paclitaxel; and 

b) isolating said produced taxanes and paclitaxel 
thereof from said culturing medium of step a) . 

10 In accordance with the present invention, there 

is also provided a process for improving biotransforma- 
tion of pro-taxanes into taxanes and paclitaxel by tax- 
anes and paclitaxel -producing bacteria comprising the 
steps of: 

15 a) culturing bacteria in the presence of a muta- 

genic agent for a time sufficient to allow muta- 
genesis; and 

b) selecting said mutants by a change of the phe- 
notype which results in an increased biotrans- 
20 formation of pro-taxanes into taxanes and pacli- 

taxel . 

In accordance with the present invention there 
is also provided a method of bacterial biotransforma- 
tion of pro-taxanes into taxanes and paclitaxel thereof 
25 which comprises the steps of: 

a) incubating the mutated bacteria of the present 
invention in a nutrient medium, and wherein said 
incubation is effected in the presence of pro- 
taxanes for a time sufficient to allow produc- 

30 tion of taxanes and paclitaxel; and 

b) isolating said produced taxanes and paclitaxel 
thereof from said culturing medium of step a) . 
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In accordance with the present invention there 
is also provided a novel bacterial taxane having a 
characteristic ultraviolet spectrum in HPLC as shown in 
Fig. 9B, Electrospray Ionization (EI) spectrum as shown 
5 in Fig. 10A, and characteristic fragments as shown in 
Fig. 10B. 

This novel bacteria-derived taxane of the pres- 
ent invention is produced by at least two species of 
Bacillus (B. cereus ssp. taxi and B . megaterium ssp. 
10 taxi) . 

For the purpose of the present invention the 
following terms are defined below. 

The term "taxanes and pad it axel" is intended to 
mean any paclitaxel derivatives or precursor which have 

15 retained or not the taxol-associated cytotoxic biologi- 
cal activity or are thought to be precursors in the 
synthesis of paclitaxel. Such taxanes and paclitaxel 
may be selected from the group consisting of all the 
diterpenes isolated from any Taxus species. The produc- 

2 0 tion of all taxanes by bacteria, whether pharmacologi- 
cally active or inactive, is contemplated within the 
scope of the present invention. Taxanes that are pro- 
duced by the bacteria of the present invention may be 
as such found in Taxus plant species or may differs 

25 from the ones found in Taxus plant species. 

Exemplary taxanes which may be produced by the 
bacteria of the present invention include but are not 
limited to those of the following Formula I: 
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wherein R x , R 2/ R 3 , R 4/ R 5 , R 6 , R 7/ R 8 , R 9 , Rio' ^n/ ^12' 
5 R 13/ R 14/ R 15/ R 16 , R 17 are defined in Table 1 below. 

However, since bacteria have highly diverse 
metabolic capacities the taxanes and paclitaxel must 
only correspond to Formula I, whatever is the nature of 
R x to R 17 substituants . 

10 The term "pro- taxanes" used in accordance with 

the present invention is intended to mean any precur- 
sors of any taxanes in the biosynthesis pathway of 
paclitaxel in plant, fungi and bacteria, including, 
without limitation, 10-deacetylbaccatin III, baccatin 

15 III, cephalomannine, taxinines, taxuspines, taxusin, 7- 
xylosyl taxol, 7-epi-10-deacetyl taxol, 10-deacetyl 
taxol, paclitaxel, 7-epitaxol, taxadiene, geranyl- 
geranyl -pyrophosphate (GGPP) and f arnesyl -pyrophos- 
phate . 

20 Exemplary pro-taxanes which may be biotrans- 

formed by the bacteria of the present invention include 
but are not limited to those of the preceding formula I 
where R x/ R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , Rio/ ^n* ^12/ ^13/ 
R 14 , R 15 , R 16/ R 17 are defined in Table 1 below. 

2 5 Exemplary biotransf ormed taxanes of the present 

invention include, but are not limited to, those of the 
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following Formula I where R lf R 2 , R 3/ R 4/ R 5 , R 6/ R 7 , R 8/ 

^■9/ ^10/ R-ii * ^12/ ^13/ ^-14' ^-15' ^16' ^17 are defined in 
Table 1 . 
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Footnotes 

(1) "ceph" denotes 



ter-butyl 




tax" denotes 



o H 




"taxsub" denotes 



/ — \ o h 

<Q>-£-N O 




o— 



O— C — CH- 



(2) "xylosyl" denotes 



> — (ho I 

\ V c 



OH 



10 (3) "a" denotes the stereoposition of a stereomoiety 
below the plane of the taxane ring structure shown 
above 

("..-•' ") 

"P" denotes the stereoposition of a moiety above 
15 the plane of the taxane ring structure shown above 

O ") 



(4) "oxetane" denotes the moiety 



R9 R10 



20 which is 



5) w cyclo" denotes the cyclic group formed by bonding 
the group 



it 
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n 



to the taxane 

A ring as follows 




6) "epoxide" denotes the moiety 



M 



which is 




The term "taxol -associated cytotoxic biological 
10 activity" is intended to mean a cytotoxic activity 
which is sufficient to promote the assembly of tubulin 
and stabilizes the resulting microtubules of cancer 
cells causing the division of the cells in two equal 
daughter cells to be interrupted; and sufficient to 
15 cause a disruption in the dynamic equilibrium which 
exists between microtubules and their depolymerized 
tubulin dimers, thus preventing completion of the 
mitotic step which causes a lethal metaphase arrest of 
cancer cells. 

20 The expression "cancer cells" is intended to 

mean any cancer cells which include without limitation, 
ovarian, breast, lung, head and neck cancer cells. 

The term "growth supporting nutrient medium" is 
intended to mean any culture media which include, with- 

25 out limitation, carbon sources, nitrogen sources, amino 
acids, vitamins and minerals. 
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The term "intercalating agent" is intended to 
mean any molecule binding to the double stranded DNA 
structure which include, without limitation, daunorubi- 
cine, ethidium bromide, acridine orange, acriflavine 
5 and epirubicine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A shows the elution profile, according to 
HPLC method no. 1, of an organic supernatant extract of 
10 a bacteria in accordance with one embodiment of the 
present invention, referred to as Sphingomonas taxi; 

Fig. IB illustrates the UV spectra of paclitaxel 
obtained from a standard and of an organic extract of 
supernatant of a bacteria in accordance with one 
15 embodiment of the present invention, referred to as 
Sphingomonas taxi ; 

Fig. 2A illustrates a typical chromatogram of an 
organic extract of the supernatant of a bacteria in 
accordance with one embodiment of the present inven- 

2 0 tion, referred to as Bacillus cereus ssp. taxi using 

HPLC method no . 2 ; 

Fig. 2B illustrates the ultraviolet spectrum of 
paclitaxel produced by Bacillus cereus ssp. taxi com- 
pared to a paclitaxel standard; 
25 Fig. 2C illustrates the ultraviolet spectrum of 

7-xylosyl-10-deacetyltaxol produced by Bacillus cereus 
ssp. taxi compared to an authentic standard co-eluting 
with taxinine M; 

Fig. 3A illustrates a typical chromatogram of an 

3 0 organic extract of the supernatant of a bacteria in 

accordance with one embodiment of the present inven- 
tion, referred to as Pantoea sp . BCM 1 using HPLC 
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method no. 2; 

Fig. 3B illustrates the ultraviolet spectrum of 
7-epi-10-deacetyltaxol produced by Pantoea sp. BCM 1 
compared to an authentic standard; 
5 Fig. 4A illustrates a typical chromatogram of an 

organic extract of the supernatant of a bacteria in 
accordance with one embodiment of the present inven- 
tion, referred to as Bacillus megaterium ssp. taxi 
using HPLC method no. 2; 

10 Fig. 4B illustrates the ultraviolet spectrum of 

the bacterial paclitaxel produced by Bacillus megate- 
rium ssp. taxi compared to an authentic standard; 

Fig. 5A illustrates a typical chromatogram of an 
organic extract of the supernatant of a bacteria in 

15 accordance with one embodiment of the present inven- 
tion, referred to as Bacillus cereus ssp. BCM 4 using 
HPLC method no. 2; 

Fig 5B shows a substance having the character- 
istic ultraviolet spectrum of a taxane compared to a 

20 standard of 7-xylosyl-10-deacetyltaxol co-eluting with 
taxinine M; 

Fig. 6 illustrates the cytotoxicity of organic 
extracts of microorganisms isolated from different spe- 
cies of Taxus on CRL-1572 cell line as well as the 
25 cytotoxicity of taxanes and paclitaxel negative bacte- 
ria (STJ.BRP.K1 and E. coli TGI); 

Fig. 7A illustrates the mass spectrometry of the 
substances eluted between 45 and 48 minutes using HPLC 
method no. 1 from an extract of Sphingomonas taxi; 
30 Fig. 7B illustrates the mass spectrometry of a 

pac 1 i t axe 1 s t andar d ; 

Fig. 8A illustrates the almost complete 16S rRNA 
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gene sequence of Sphingomonas taxi (SEQ ID NO:l); 

Fig. 8B illustrates the almost complete 16S rRNA 
gene sequence of Bacillus cereus ssp. taxi (SEQ ID 
NO : 2 ) ; 

5 Fig. 8C illustrates the partial 16S rRNA gene 

sequence of Bacillus megaterium ssp. taxi (SEQ ID 
NO : 3 ) ; 

Fig. 8D illustrates the partial 16S rRNA gene 
sequence of Pantoea sp . BCM 1 (SEQ ID NO:4); 
10 Fig. 8E illustrates the partial 16S rRNA gene 

sequence of Bacillus cereus ssp. BCM 4 (SEQ ID N0:5); 

Fig. 8F illustrates the partial 16S rRNA gene 
sequence of a bacteria in accordance with one embodi- 
ment of the present invention, referred to as Bacillus 
15 suJbtilis ssp. taxi (SEQ ID NO:6); 

Fig. 8G illustrates the partial 16S rRNA gene 
sequence of a bacteria in accordance with one embodi- 
ment of the present invention, referred to as Pantoea 

sp. BCM 2 (SEQ ID NO: 7); 
20 Fig. 8H illustrates the partial 16S rRNA gene 

sequence of a bacteria in accordance with one embodi- 
ment of the present invention, referred to as Pantoea 
sp. BCM 3 (SEQ ID NO: 8); 

Fig. 81 illustrates the partial 16S rRNA gene 
2 5 sequence of a bacteria in accordance with one embodi- 
ment of the present invention, referred to as Bacillus 
megaterium ssp. BCM 9 (SEQ ID NO:9); 

Fig. 8 J illustrates the partial 16S rRNA gene 
sequence of a bacteria in accordance with one embodi- 
30 ment of the present invention, referred to as Curtobac- 
terium sp. BCM 5 (SEQ ID NO: 10) / 

Fig. 8K illustrates the partial 16S rRNA gene 
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sequence of a bacteria in accordance with one embodi- 
ment of the present invention, referred to as Sphingo- 
monas sp . BCM 7 (SEQ ID N0:11); 

Fig. 9A illustrates a typical chromatogram of an 
5 organic extract from the supernatant of Bacillus cereus 
ssp. taxi producing a specific bacterial taxane using 
HPLC method no . 2 ; 

Fig. 9B illustrates the ultraviolet spectrum of 
the characteristic taxane produced by Bacillus cereus 
10 ssp. taxi; 

Fig. 10A illustrates the GC/MS (EI) spectrum of 
the purified specific bacterial taxane produced by 
Bacillus cereus ssp. taxi in accordance with the pres- 
ent invention; 

15 Fig. 10B illustrates the mass-to-charge ratios 

of ions present in the EI mass spectra of the bacterial 
taxane produced by Bacillus cereus ssp. taxi; 

Fig. 11A shows the evolution in time of two 
taxanes in the sterile culture medium supplemented with 

20 1% v/v of an aqueous extract of Taxus canadensis incu- 
bated at 15 0 rpm at 30 °C; 

Fig. 11B shows the evolution of two taxanes 
transformed by Sphingomonas taxi when cultured in the 
culture medium S-7 supplemented with 1% of an aqueous 

25 extract of Taxus canadensis , shaken at 150 rpm at 30 °C; 

Fig. 12 shows the HPLC chromatograms of S. taxi 
cultured in the S-7 culture medium supplemented with 1% 
v/v of an aqueous extract of Taxus canadensis where 
sample name 8A represents the organic extract of the 

30 culture medium supplemented with 1% v/v of an aqueous 
extract of Taxus canadensis , sample name S 24 hres rep- 
resents the organic extract of Sphingomonas taxi incu- 
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bated 24 hours in the culture medium supplemented with 
1% v/v of an aqueous extract of Taxus canadensis , sam- 
ple name S 4 8 hres represents the organic extract of 
Sphingomonas taxi incubated 4 8 hours in the culture 
5 medium supplemented with 1% v/v of an aqueous extract 
of Taxus canadensis , and sample name S 72 hres repre- 
sents the organic extract of Sphingomonas taxi incu- 
bated 72 hours in the culture medium supplemented with 
1% v/v of an aqueous extract of Taxus canadensis; 

10 Fig. 13 compares HPLC chromatograms of the 

supernatant extracts of S. taxi (sample name: S 4 8 
hres), S. taxi D200 (sample name: SC 48 hres) and S. 
Taxi D201 (sample name: SCP 48 hres) cultured 48 hours 
in the medium S-7 supplemented with 1% v/v of an aque- 

15 ous extract of Taxus canadensis , and the organic 
extract of the medium S-7 supplemented with 1% v/v of 
an aqueous extract of Taxus canadensis (sample name 
8A) ; and 

Figs. 14A-14C show the characteristic ultravio- 
20 let spectrum of the new biotransf ormed pro-taxanes. 

DETAILED DESCRIPTION OF THE INVENTION 

Plants are hosts of a variety of microorganisms- 
The relation between the plant and the microorganism 

25 can be saprophytic, parasitic, endophytic or symbiotic. 
Whatever the relation, there may be genetic exchange 
between the species. Taxus, such as Taxus canadensis , 
which grows in some regions of the province of Quebec, 
shows significant amounts of paclitaxel in its needles 

30 and stems. Samples of Taxus canadensis from seven (7) 
regions of the province of Quebec were chosen as well 
as samples of different species of Taxus such as Taxus 
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brevi folia, T. cuspidata, T. baccata, T. hunnewel liana . 
Several different bacteria of different genus, such as 
Sphingomonas, Bacillus , Pantoea, and CurtoJbacterium 
were isolated from inner parts of samples from 
5 different species of Taxus, and all demonstrated 
taxanes and/or paclitaxel -producing properties. 

Bacteria described above, produced taxanes and 
paclitaxel in fermentation procedures. Bacteria are 
cultured in a appropriate growth supporting nutrient 

10 medium containing ingredients known to those skilled in 
the art for the cultivation of microorganisms. Spe- 
cific examples of appropriate such media are given 
below. Temperature of cultivation ranges from 10 °C to 
35°C / and aerobic cultivation is generally preferred. 

15 Taxanes and paclitaxel are generally excreted in 

the supernatant, up to 10% of those substances remain 
in the cell. Taxanes and paclitaxel thereof may be 
extracted by performing an organic extraction with an 
appropriate solvents such as methylene chloride or 

20 ethyl acetate. 

In accordance with the present invention, vari- 
ous bacteria producing taxanes and paclitaxel were iso- 
lated from different species of Taxus. 

One bacterium isolated from Taxus canadensis 

25 allows for the production of taxanes and paclitaxel at 
a yield of 1 |ag/L, referred to as Sphingomonas taxi, 
has been already deposited at the American Type Culture 
Collection but was identified as Erwinia taxi (ATCC, 
12301 Parklawn Drive, Rockville, MD 20852 USA) on April 

30 25, 1995 under deposit number ATCC 55669. The deposit 
is also available as required by Foreign Patent laws in 
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countries wherein counterpart applications are filed. 

The other strains of the present invention have 
been deposited at the American Type Culture Collection 
(ATCC, 12301 Parklawn Drive, Rockville, MD 20852 USA) 
5 on December 18, 1997 under deposit accession numbers as 
set forth below. The deposit are also available as 
required by Foreign Patent laws in countries wherein 
counterpart applications are filed. 



Strain 


ATCC No. 


Bacillus cereus ssp. taxi 


202061 


Bacillus megaterium ssp. taxi 


202062 


Curtobacterium sp. BCM5 


202063 


Pantoea sp, BCM2 


202064 


Bacillus megaterium BCM9 


202065 


Bacillus cereus BCM4 


202066 


Sphingomonas taxi D2 01 


202067 


Sphingomonas taxi D200 


202068 


Sphingomonas sp. BCM7 


202069 


Pan toea sp . BCM3 


202070 


Pantoea sp. BCM1 


202071 


Bacillus subtilis ssp. taxi 


202072 



10 

In accordance with one embodiment of the present 
invention, the bacteria isolated from different species 
of Taxus allow for the production of taxanes and 

paclitaxel thereof at a yield of 1 to 25 |ag/L. 
15 In accordance with the present invention, the 

bacteria isolated from different species of Taxus may 
be employed for the biotransformation of pro-taxanes. 
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Isolation of the different microorganisms producing 
taxanes and paclitaxel 

Each plant was divided into 5 parts; needles, 
twigs, stems, bark and roots. Each inner part of the 
5 plant was verified for the presence of taxanes and 
paclitaxel producing microorganisms. 

The surface of every part of the plant was ster- 
ilized with 95% ethanol and then, cut into small pieces 
with a sterile blade. Pieces were homogenized in ster- 
10 ile water with a POLYTRON™ that had also been steril- 
ized with ethanol 95%. The resulting mix was used to 
inoculate two different culture media; R2A agar (Difco) 
and Sabouraud agar (Difco) . 

Each plate was incubated at 22 °C and examined on 
15 a day-to-day basis. The morphology of each colony was 
meticulously noted and the bacteria were transferred on 
different media until a pure culture was obtained. A 
Gram coloration of every bacteria was done before the 
culture was frozen at -80°C. 

2 0 Over 5 0 bacteria were isolated from different 

samples of Taxus canadensis of the province of Quebec. 
In addition, over 30 different bacteria were isolated 
from different species of Taxus which include, without 
limitations, Taxus brevi folia, T. baccata, T. cuspi- 
25 data, T. hunnewelliana . Some of them, showing taxanes 
and paclitaxel production capacities, will be fully 
described below. 
Screening of microorganisms 

In order to verify the production of taxanes and 

3 0 paclitaxel by microorganisms, each organism was cul- 

tured in at least 50 0 ml of a growth supporting nutri- 
ent medium. Any liquid medium allowing taxanes and 
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paclitaxel thereof production may be employed. Exem- 
plary liquid media are S-7 media (Table 2) , and defined 
media for Bacillus (Table 3) . Every culture was per- 
formed in culture flasks and incubated at a temperature 
5 ranging from 20 °C to 35 °C with constant shaking until a 
sufficient growth was achieved, generally 18 to 72 
hres . 



Table 2 
Composition of S-7 medium 



Compounds 


g/L 


glucose 


1 


fructose 


3 


sucrose 


6 


sodium acetate 


1 


soytone 


1 


thiamine 


0, 001 


biotine 


0, 001 


py r i doxa 1 - HC 1 


0, 001 


Ca pantothenate 


0, 001 


MgS0 4 


0, 0036 


CaN0 3 


0, 0065 


Cu(N0 3 ) 2 


0, 001 


ZnS0 4 


0, 0025 


MnCl 2 


0, 005 


FeCl 3 


0, 002 


phenylalanine 


0, 005 


sodium benzoate 


0,1 


KH 2 P0 4 1M (pH 6,8) 


1 ml 
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Table 3 

Composition of the defined medium for Bacillus 



c omp o una. s 


rr /T. 


L-glutamic acia 


10 


glucose 


5 


citric acid 


1 


K^HPO, 


0,5 


KH 2 P0 4 


0,5 


MgS0 4 -7H 2 0 


0,2 


MnS0 4 -4H 2 0 


0, 01 


FeS0 4 -7H 2 0 


0, 01 



The culture was then centrifuged and the pellet 
5 separated from the supernatant by decantation. To ver- 
ify if taxanes and paclitaxel were secreted in the 
medium or if it was confined within the cells, both 
were tested for the presence of the drug. Since tax- 
anes and paclitaxel are hydrophobic, and in order to 

10 concentrate each sample, an extraction with an organic 
solvent was performed. For the pellet, the cells were 
dried and about 2 00 mg were powdered and ultrasonicated 
twice for 40 minutes in 3 ml methanol. The extracts 
were dried at 25 °C. The residue was dissolved by add- 

15 ing 2 ml of methylene chloride and 2ml of distilled 
water. After appropriate shaking, the mixture was cen- 
trifuged at 4 000 rpm for 5 min. The methylene chlo- 
ride fraction was collected and dried under reduced 
pressure. Finally, the residue is dissolved in 0,5 ml 

2 0 of HPLC grade methanol. 

The supernatant is extracted with one volume of 
methylene chloride. After appropriate shaking, the 
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organic fraction is evaporated to dryness under reduced 
pressure. The residue is then resolubilized in 50 ml 
of methylene chloride and 50 ml of distilled water. 
After appropriate shaking, each fraction was collected 
5 and dried under reduced pressure. Each residue is dis- 
solved in a measured minimal volume of HPLC grade 
methanol. All samples were kept frozen at -20°C. 

a) HPLC screening 

10 HPLC method no. 1 

Some extracts were analyzed by High Performance 
Liquid Chromatography (HPLC) on a system consisting of 
a WATERS™ 625 LC pump, a WATERS™ 996 photodiode array 
spectrophotometer, and a WATERS™ 717plus autosampler. 

15 Chromatography was performed with a phenyl column from 

Waters ( 5fam particle size, 6 mm X 15 mm) with a guard 

module. The injection volume varies from 50 to 150 |il 
and the flow rate maintained at 1 ml/min. The follow- 
ing elution program was used; 
20 0 to 20 min. : methanol : water : acetonitrile 

(20:65:15) ramped to methanol : water : acetonitrile 

(20:45:35) 

20 to 50 min.: methanol : water : acetonitrile (20:45:35) 

ramped to methanol : water : acetonitrile 
25 (20:25:55) 

50 to 60 min.: methanol : water : acetonitrile (20:25:55) 

ramped to methanol 100% 
Table 4 identifies the retention times of known 
authentic standards on HPLC methods no. 1 and no. 2. 
3 0 Using HPLC no. 1, paclitaxel has a retention time of 46 
minutes. In Fig. 1, we show the ultraviolet spectrum 
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of paclitaxel produced by Sphingomonas taxi. The spec- 
trum is very characteristic with a second maximum of 
absorption at 230nm. This figure illustrates that 
Sphingomonas taxi produces a compound having the same 
5 retention time and the same UV spectrum as paclitaxel. 
HPLC method no. 2 

Some extracts were analyzed on the same HPLC 
system with a curosil-PFP column (250 mm X 3.2 mm) from 
Phenomenex with a guard module. Injections varied from 
10 50 ul to 150 ul and the flow rate maintained at 0.8 
ml/min. The following gradient program was used; 
0 to 50 min. : acetonitrile : water (25:75) ramped to 

ace tonit rile : water (65 : 35) 
50 to 62.5 min.: acetonitrile : water (65:35) ramped to 
15 methanol 100% 

62.5 to 65 min.: methanol 100% to acetonitrile : water 

(25:75) 

65 to 75 min.: acetonitrile : water (25:75) 

As shown in Table 4, using HPLC method no. 2, 
20 paclitaxel is eluted at 36.987 minutes. 
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Table 4 



Retention time of taxanes standards using HPLC methods 



no . 1 


and no . 2 




i axanes 


Retention time using 




HPLC method no. 1 


HPLC method no. 2 


h4 1 » l » i » 111 

10-deacetyl baccatm HI 


n/a 


12.037 min. 


baccatm III 


n/a 


20.670 min. 


7-xylosyl-10-deacetyltaxol B 


n/a 


24.870 min. 


7-xylosy I- 10-deacetyltaxol and taxinine M 


n/a 


27.120 min. 


7-xylosyI-10-deacetyltaxol G 


n/a 


28.770 min. 


10-deacetyltaxol and 7-xylosyltaxol 


n/a 


30.770 min. 


cephalomannine 


n/a 


34.753 min. 


7-epi- 10-deacetyltaxol 


n/a 


35.703 min. 


paclitaxel 


46 minutes 


36.987 min. 


taxol C 


n/a 


38.853 min. 


7-epitaxol 


n/a 


42.287 min. 



5 Fig. 2A shows a typical chromatogram of an 

organic extract of Bacillus cereus ssp. taxi, and in 
Figs. 2B and 2C there is compared the UV spectra of the 
substances produced by Bacillus with authentic commer- 
cial plant standards. This figure clearly illustrates 

10 the ability of Bacillus cereus ssp. taxi to produce 
paclitaxel and 7-xylosyl-10-deacetyltaxol . 

Fig. 3A shows the typical HPLC chromatogram of 
the supernatant of Pantoea sp. BCM 1 and, in Fig. 3B 
there is compared the bacterial 7-epi-10-deacetyltaxol 

15 against an authentic commercial plant standard, estab- 
lishing the production of 7-epi-10-deacetyltaxol by 
Pantoea sp. BCM 1. 

Fig. 4A shows a typical chromatogram of Bacillus 
megaterium ssp. taxi and, in Fig. 4B there is compared 

2 0 the ultraviolet spectrum of the bacterial paclitaxel 
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with an authentic standard proving the capacity of this 
bacterium to produce paclitaxel. 

Fig. 5A shows a typical chromatogram of Bacillus 
cereus ssp. BCM 4 and, Fig 5B shows a substance having 
5 the characteristic ultraviolet spectrum of a taxane 
compared to a standard of 7-xylosyl-10-deacetyltaxol 
co-eluting with taxinine M, proving the capacity of 
Bacillus cereus ssp. BCM 4 to produce taxanes. 

b) Cytotoxicity on cancer cells 

10 An ovarian cancer cell line obtained from Ameri- 

can Type Culture Collection (12301 Parklawn Drive, 
Rockville, MD 20852 USA) under ATCC accession number 
CRL-1572) was chosen for the investigation. Briefly, 2 
000 cells/well of a 96-well microplate were inoculated. 

15 After 2 days, different dilutions of the drug were 

added in a volume of 100 ±il . Three days later, the 
viability of cells was measured with ALAMAR™ blue (B. 
Page et al . 1993, Intl. J. of Oncology, 3:473-476). 
The ATCC CRL-1572 cell line is particularly sensitive 

20 to paclitaxel (ID 50 of 1 ng/ml) . Microbial extracts 

have also been tested for their cytotoxicity on those 
cells. Fig. 6 shows the cytotoxicity of different bac- 
terial supernatant extracts. This figure clearly dem- 
onstrates that culture supernatant extracts from Sphin- 

25 gomonas taxi and Bacillus cereus ssp. taxi are at least 
5 -fold more cytotoxic than extracts from non-paclitaxel 
producing bacteria such as STJ.BRP.K1 and E. coli TGI. 

c) Mass spectrometry 

30 Mass spectrometry of the substances eluted 

between 45 and 48 minutes with HPLC method no.l from an 
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extract of Sphingomonas taxi was performed. Fig. 7A 
shows the results obtained. In every sample, a sub- 
stance with a molecular weight (M.W.) of 853,5 daltons 
appears. The theoretical M.W. of paclitaxel is 854 
5 daltons. Even if these extracts were partially puri- 
fied, essentially the major compound obtained is pacli- 
taxel . 

d) Characterization of a bacterial taxane by EI/MS 

Fig. 9A, shows a typical chromatogram of Bacil- 
lus cereus ssp. taxi producing a characteristic taxane 
having a retention time of 15 minutes using HPLC method 
no. 2. In Fig. 9B, the characteristic ultraviolet 
spectrum of this substance is illustrated. It was 
purified on HPLC using HPLC method no. 2 and, analyzed 
in Electro Ionization Mass Spectrometry (EI/MS) as 
described by Thomas D. McClure et al . (J". Am. Soc . Mass 
Spectrom. , 1992, 3, pp. 672-679). 

Fig. 10A shows the EI spectrum of this taxane 
and Fig. 10B shows the characteristic fragments of this 
taxane. Since this taxane has never been observed in 
plant extracts of different species of Taxus, and this 
compound is produced by at least two species of Bacil- 
lus (cereus ssp. taxi and jnegraterium ssp. taxi) , we 
consider this novel taxane unique to microorganisms 
isolated from Taxus. 

Characterization of taxane and paclitaxel producing 
mi c r oorgani sms 

3 0 a) Biochemical and physiological characteristics 

Table 5 shows the species of Taxus from which 
each bacterium was isolated, the Gram coloration, the 
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morphology of colonies on different culture media and, 
some biochemical characteristics. This Table clearly 
illustrates the diversity of our taxanes and paclitaxel 
producing bacteria i.e. we have isolated and identified 
5 Gram-negative and Gram-positive rods including Actino- 
mycetes from different species of Taxus which all pos- 
sess taxanes and/or paclitaxel producing capacities. 
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Table 5 

Cellular/ morphological and biochemical characteristics 
of some taxanes and paclitaxel producing bacteria 



Name 


Isolated from 


Gram 


Cellular 
morphology 


Description of 
colonies on 
blood agar 


Description of 
colonies on TA-1 


Catalase 


Urease 


Sphingomonas 
taxi 


Taxi/s 
canadensis 

****** t uwwj fuiy 




Rod 


No growth 


3 days to grow 
Orange-Opaque 
Glossy-Convexe 
Circular contour 


+ 




Bacillus cereus 
ssd taxi 


Taxus 
canadensis 




Rod 


Double hemolysis 
Gray-green- 

Opaque 
Dry-Dull-Flat 
Irregular edge 


Cream- Opaque 
Dry-Dull-Flat 
Irregular edge 


+ 


- 


Bacillus 
megaterium 
ssp. taxi 


Taxus 

f w# ^% V* w 

hunneweiliana 


+ 


Rod 


Gray- Opaque 
Dry-Dull 
Convex 

Irregular edge 


Cream- Opaque 

Glossy 
Slightly convex 
Irregular edge 


+ 




Pantoea sp. 
BCM 1 


Taxus 
h unne we I liana 




Rod 


Semi-translucent 
Glossy-Flat 
Regular edge 


Cream with 
yellow pigment in 

middle 
Opaque-Glossy- 
Flat 
Regular edge 


+ 




Pantoea sd, 
BCM 2 


Taxus 
cuspidata 




Rod 


Yellow 
Opaque 
Glossy-Flat 
Regular edge 


Yellow 
Semi-translucent 
Glossy-Flat 
Regular edge 


+ 




Pantoea sp. 
BCM 3 


Taxus 
cuspidata 




Rod 


Semi-translucent 
Giossy-riat 
Regular edge 


Yellow 
oemi-transiu cent 
Glossy-Flat 
Regular edge 


+ 




Bacillus cereus 
ssp. BCM 4 


Taxus 
brevifolia 




Rod 


Double hemolysis 
Gray-green- 

upaque 
Dry-Dull-Flat 
Irregular edge 


Cream- Opaque 
Dry-Dull-Flat 
irregular eage 


+ 




Bacillus subtilis 
ssp. taxi 


Taxus 
baccata 


+ 


Rod 


Semi-translucent 

rtrw rii til 
ury, uuu 

Convex 
Regular edge 


Cream- 

1 IdilolUUCIU 

Dry, Dull 
Convex 
Regular edge 


+ 




Bacillus 
megaterium 
ssp. BCM 9 


Taxus 
hunneweiliana 


+ 


Rod 


Gray- Opaque 
Dry-Dull 
Convex 

Irregular edge 


Cream- Opaque 

Glossy 
Slightly convex 
Irregular edge 


+ 




Curtobacterium 
sp. BCM 5 


Taxus 
brevifolia 


+ 


Rod 


2 days to grow 

Cream 
Semi-translucent 
Glossy-Flat 
Regular edge 


2 days to grow 

Yellow 
Semi-translucent 
Glossy-Flat 
Regular edge 


+ 




' Sphingomonas 
sp. BCM 7 


Taxus 
hunneweiliana 


V 


Rod 


No growth 


3 days to grow 
Orange-Opaque 
Glossy-Convex 
Regular edge 


+ 





5 

b) Identification of the genus of taxanes and 
paclitaxel producing microorganisms 



The genus of each taxanes and paclitaxel pro- 
ducing bacteria was determined by sequencing the 16S 
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rRNA genes. Genomic DNA of each strain was used as 
template for PCR (Polymerase Chain Reaction) . Primers 
based on conserved regions at the beginning and the 
end of the 16S rRNA gene, SSU-27 (5 ' - 
5 AGAGTTTGATCMTGGCTCAG- 3 ' ; SEQ ID NO: 12), and SSU-1 492 
(5' -TACGGYTACCTTGTTACGACTT-3 ' ; SEQ ID NO: 13), were used 
to amplify a portion of the 16S gene. The amplicons 
were purified with the "PCR purification kit" (sold by 
Qiagen) and sequenced using the ABI Prism System. 

10 Sequence analysis was performed using GCG software 
package (Genetics Computer Group Inc., Madison, WI) . 

Fig. 8A shows the almost complete sequence of 
the 16S rRNA gene of Sphingomonas taxi. Since this 
strain has unique biosynthetic capacities and more than 

15 3% sequence difference with the 16S rRNA genes of other 
known species of Sphingomonas, we created a new species 
and named it taxi on the behalf of its isolation 
source. Fig. 8B shows the almost complete sequence of 
the 16S rRNA gene of Bacillus cereus ssp. taxi. Since 

20 this bacterium possesses unique metabolic capacities, 
and in order to differentiate this species from other 
known Bacillus cereus, we identified it by subspecies 
name taxi also on the behalf of its isolation source. 
In Figs. 8C to 8L, we show partial sequences of the 16S 

2 5 rRNA genes of other taxanes and/or paclitaxel producing 
microorganisms . 

Consequently, in accordance with the present 
invention, a plurality of bacteria isolated from dif- 
ferent species of Taxus can be used for the mass pro- 

30 duction of paclitaxel and other taxanes. Based on the 
analysis of partial 16S rRNA gene sequences, and mor- 
phological and biochemical characteristics, we assigned 
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the following genera, species, and subspecies or strain 
names to our paclitaxel and taxanes producing bacterial 
isolates; Sphingomonas taxi, Bacillus cereus ssp. taxi, 
Bacillus megaterium ssp. taxi, Pantoea sp . BCM 1, Pan- 
5 toea sp. BCM 2, Pantoea sp . BCM 3, Bacillus cereus ssp. 
BCM 4, Bacillus subtilis ssp. taxi, Bacillus megaterium 
ssp. BCM 9, Curtobacterium sp . BCM 5 and Sphingomonas 
sp . BCM 7 . 

10 Biotransformation of taxanes 

a) Preparation of an aqueous extract of Taxus 
canadensis 

Fresh cuttings of needles and small twigs (10 g) 
of a sample of Taxus canadensis are homogenized in 100 
15 ml of distilled water. The solution is then centri- 
fuged at 7 000 rpm and the clear supernatant sterilized 
by filtration on a 0,22 jam filter. The solution is 
kept frozen at -20°C until utilization. 

2 0 b) Biotransformation of taxanes by taxanes and 

paclitaxel producing bacteria 

The growth supporting nutrient medium S-7 is 

supplemented with 1% v/v on an aqueous extract of Taxus 
canadensis . This resulting supplemented medium is then 

2 5 inoculated with a thawed vial of a pure culture of one 

of our strain and incubated at 3 0 °C with constant shak- 
ing for a time sufficient to allow biotransformation of 
pro -taxanes . 

The culture is then centrifuged and the remain- 

3 0 ing supernatant extracted with one volume of methylene 

chloride or ethyl acetate. After appropriate shaking, 
the organic fraction is evaporated to dryness under 
reduced pressure. The residue is then resolubilized in 
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50 ml of methylene chloride or ethyl acetate, and 50 ml 
of distilled water. After appropriate shaking, each 
fraction was collected and dried under reduced pres- 
sure. Each residues is dissolved in a measured minimal 
5 volume of HPLC grade methanol.- All samples were kept 
frozen at -20°C until analysis. 

Samples were analyzed on HPLC using method no. 
2. Fig. 11 shows the evolution of two taxanes in A) 
the sterile culture medium S-7 supplemented with 1% v/v 

10 of an aqueous extract of Taxus canadensis shaken at 150 
rpm and incubated at 30 °C, and in B) the supernatant of 
Sphingomonas taxi cultured in the culture medium S-7 
supplemented with 1% v/v of an aqueous extract of Taxus 
canadensis shaken at 150 rpm and incubated at 3 0 °C. 

15 This figure clearly illustrates that in the supernatant 
of Sphingomonas taxi, the diminution of the taxane 
eluted at 12 minutes corresponds to the proportional 
elevation of the taxane eluted at 24 minutes, proving 
the capacity of Sphingomonas taxi to biotransform tax- 

2 0 anes. 

In addition, Fig. 12 compares the HPLC chroma - 
togram of the organic extract of the culture super- 
natant of S. taxi incubated 24, 48 and 72 hours in the 
culture medium S-7 supplemented with 1% v/v of an aque- 
25 ous extract of Taxus canadensis . This Fig. 12 clearly 
illustrates the production of pro- taxanes. The ulta- 
violet spectrum of one of these pro-taxanes is illus- 
trated in Fig. 14A. Fig. 14A compares the UV spectrum 
of the new biotransf ormed taxane produced by S. taxi 

3 0 with taxanes from the aqueous extract of Taxus 

canadensis . 



it 

■m • 
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Mutagenesis of taxanes and paclitaxel producing 
bacteria 

Typically, 2 0 ml of the culture medium TA-1 with 
200 ug/ml of daunorubicin (purchased from Rhone - 

5 Poulenc) were inoculated with 500 ul of an overnight 
culture. The resulting broth was incubated at 200 rpm 
at 30 °C for 2 days. After this time 10 ml of the broth 
are added to 10 ml of fresh medium containing 200 ug/ml 
of daunorubicin and incubated as described above. The 
10 preceding step is repeated as necessary to obtain 
mutated bacteria. Those mutants were further isolated 
on the solid culture medium TA-1 (composition as fol- 
lows) . 

Solid culture medium TA-1 



Ingredient 


amount 


glucose 


5g 


tryptone 


20 g 


yeast extract 


5g 


NaCI 


0.5 g 


agar 


15g 


H 2 0 


1 L 



15 

Biotransformation of taxanes by mutated strains 

The growth supporting nutrient medium S-7 is 
supplemented with 1% v/v on an aqueous extract of Taxus 
canadensis . This resulting supplemented medium is then 
2 0 inoculated with a thawed vial of a pure culture of one 
of our strain and incubated at 30 °C with constant shak- 
ing for a time sufficient to allow biotransformation of 
pro- taxanes . 

The culture is then centrifuged and the remain- 
2 5 ing supernatant extracted with one volume of methylene 
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chloride or ethyl acetate. After appropriate shaking, 
the organic fraction is evaporated to dryness under 
reduced pressure. The residue is then resolubilized in 
50 ml of methylene chloride or ethyl acetate, and 50 ml 
5 of distilled water. After appropriate shaking, each 
fraction was collected and dried under reduced pres- 
sure. Each residues is dissolved in a measured minimal 
volume of HPLC grade methanol. All samples were kept 
frozen at -20°C until analysis. 

10 Samples were analyzed on HPLC using method no. 

2. Fig. 13 shows HPLC chromatograms of S. taxi, S. 
taxi D2 00 and S. taxi D2 01 incubated the same time (48 
hours) in the culture medium S-7 supplemented with 1% 
v/v of an aqueous extract of Taxus canadensis . All 

15 cultures had comparable cell density. This figure 
clearly illustrates the improved yields of biotransfor- 
mation by the mutated strains S. taxi D2 0 0 and S. taxi 
D201. In Figs. 14B and 14C the characteristic ultra- 
violet spectrum of the new pro-taxanes, produced by the 

2 0 mutated strains S. taxi D20 0 and S. taxi D201, are com- 
pared with the UV spectrum of two taxanes from Taxus 
canadensis . 

The present invention will be more readily 
understood by referring to the following examples which 
25 are given to illustrate the invention rather to limit 
its scope. 

EXAMPLE I 

Mass production of paclitaxel using Sphingamonas taxi 

A colony of a pure culture of Sphingomonas taxi 
30 is used to inoculate 5 ml of S-7 culture medium. The 
broth is incubated 2-3 days with constant shaking (90 
rpm) at 22 °C. This 5 ml is then transferred into 5 



WO 99/32651 



- 36 - 



PCT/CA98/01150 



liters of the same culture medium. The resulting broth 
is incubated as described above in aerobic conditions. 

After 4-5 days of incubation, or after the maxi- 
mum cell density is reached, the cell pellet is sepa- 
5 rated by centrif ugat ion . Hydrophobic compounds are 
then extracted from the supernatant by partition with 
one volume of dichloromethane . Each organic fraction 
is evaporated to dryness and, the residue is solubi- 
lized in a minimal amount of HPLC grade methanol, typi- 

10 cally 500 ^il to 1 ml . 

Paclitaxel and taxanes are further purified by 
HPLC on a phenyl column using HPLC method no. 1. Typi- 
cally, up to 400 |il of the methanolic solution are 
injected and fractions of 0,5 ml to 1 ml are collected. 
15 Fractions containing paclitaxel or taxanes are evapo- 
rated to dryness. 

Using this method, from 200 ng to 1 |ig of pacli- 
taxel per liter of culture medium were purified. 



20 EXAMPLE II 

Mass production of taxanes and paclitaxel using 
Bacillus cereus ssp. taxi 

A thawed vial of a pure dense cell suspension of 
Bacillus cereus ssp. taxi is used to inoculate 500 ml 

25 of the defined medium for Bacillus . The broth is incu- 
bated 1 to 3 days with constant shaking (150 rpm) at 
30 °C. The cell pellet is then separated form the 
supernatant by centrif ugation . Hydrophobic substances 
are extracted from the supernatant by an extraction 

30 with one volume of dichloromethane. The organic frac- 
tion is evaporated to dryness under reduced pressure, 
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and residues resolubilized in a minimal amount of HPLC 
grade methanol . 

Taxanes and paclitaxel are further purified on 
HPLC using method no. 2. Using this method, from 0,2 
5 to 10 |ag of paclitaxel can be produced, and from 0,2 to 
15 |ig of taxanes, including the specific bacterial tax- 
ane illustrated in Fig. 13B, can also be produced. 

EXAMPLE III 

10 Mass production of taxanes and paclitaxel using 
Bacillus megaterlum ssp. taxi 

A thawed vial of a pure dense cell suspension of 
Bacillus megaterlum ssp. taxi is used to inoculate 500 
ml of the S-7 culture medium. The broth is incubated 1 

15 to 3 days with constant shaking (150 rpm) at 3 0 °C. The 
cell pellet is then separated form the supernatant by 
centrif ugation . Hydrophobic substances are extracted 
from the supernatant by an extraction with one volume 
of dichlorome thane . The organic fraction is evaporated 

2 0 to dryness under reduced pressure, and residues 
resolubilized in a minimal amount of HPLC grade 
methanol . 

Taxanes and paclitaxel are further purified on 
HPLC using method no. 2. Using this method, from 1 to 

25 12 |ig of paclitaxel can be produced, and from 1 to 15 

jag of taxanes, including the specific bacterial taxane 
illustrated in Fig. 13B, can also be produced. 

EXAMPLE IV 



30 



Biotransformation of pro- taxanes by Sphlngomonaa taxi 

The growth supporting nutrient medium S-7 is 
supplemented with 1% v/v on an aqueous extract of Taxus 
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canadensis . This resulting supplemented medium is then 
inoculated with a thawed vial of a pure culture of one 
of Sphingomonas taxi and incubated at 3 0 °C with con- 
stant shaking for 24 to 96 hours. 
5 The culture is then centrifuged and the remain- 

ing supernatant extracted with one volume of methylene, 
chloride. After appropriate shaking, the organic frac- 
tion is evaporated to dryness under reduced pressure. 
The residue is then resolubilized in 50 ml of methylene 

10 chloride and 50 ml of distilled water. After appropri- 
ate shaking, the organic fraction is collected and 
dried under reduced pressure. The residue is dissolved 
in 500|al of HPLC grade methanol and 100 |il of the 
methanolic solution are analyzed on HPLC using method 

15 no. 2 and compared to the resulting chromatogram of the 
organic extract of the growth -supporting nutrient 
medium supplemented with and aqueous extract of Taxus 
canadensis 1% v/v shaken the same time. 

As illustrated in Figs. 11, 12 and 14A, Sphin- 

20 gomonas taxi is able to biotransform taxanes into new 
pro-taxanes . 

EXAMPLE V 

Mutagenesis of Sphingomonas taxi 

25 20 ml of the culture medium TA-1 with 200 ^g/ml 

of daunorubicin (purchased from Rhone -Poulenc) were 
inoculated with 500 \xl of an overnight culture of 
Sphingomonas taxi. The resulting broth was incubated 
at 200 rpm at 30 °C for 2 days. After this time 10 ml 

3 0 of the broth are added to 10 ml of fresh medium con- 
taining 200 |ag/ml of daunorubicin and incubated as 
described above. The preceding step is repeated as nec- 
essary to obtain mutated bacteria. Those mutants were 
further isolated on the solid culture medium TA-1. Two 
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new mutated strains were obtained named Sphingomonas 
taxi D2 0 0 and Sphingomonas taxi D201. 

EXAMPLE VI 

5 Biotransformation of taxanes by Sphingomonas taxi D200 
and Sphingomonas taxi D2 01 

The growth supporting nutrient medium S-7 is 
supplemented with 1% v/v on an aqueous extract of Taxus 
canadensis . This resulting supplemented medium is then 
10 inoculated with a thawed vial of a pure culture of one 
of our mutated strain and incubated at 30 °C at 150 rpm. 
Cultures were stopped after 24, 48 and 72 hours of 
incubation. 

Cultures were then centrifuged and the remaining 
15 supernatants extracted with one volume of ethyl 
acetate. After appropriate shaking, the organic frac- 
tions were evaporated to dryness under reduced pres- 
sure. Residues were then resolubilized in 50 ml of 
ethyl acetate. After appropriate shaking, fractions 
20 were collected and dried under reduced pressure. Each 
residues were dissolved in a measured minimal volume of 
HPLC grade methanol. All samples were kept frozen at 
-20°C until analysis. 

Samples were analyzed on HPLC using method no. 
25 2. Fig. 13 shows HPLC chromatograms of S. taxi, S. 
taxi D2 0 0 and S. taxi D2 01 incubated the same time (4 8 
hours) in the culture medium S-7 supplemented with 1% 
v/v of an aqueous extract of Taxus canadensis . All 
cultures had comparable cell densities. This figure 
30 clearly illustrates the improved yields of biotransfor- 
mation by the mutated strains S. taxi D2 0 0 and S. taxi 
D201. In Fig. 14B the characteristic ultraviolet spec- 
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trum of the new pro- taxanes produced by S. taxi D200 is 
compared with the UV spectrum of two taxanes from Taxus 
canadensis . Fig. 14C compares the UV spectrum of the 
new biotransf ormed taxane produce by S. taxi D201 with 
5 taxanes from the aqueous extract of Taxus canadensis . 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 
understood that is capable of further modifications and 
this application is intended to cover any variations, 

10 uses, or adaptations of the invention following, in 
general, the principles of the invention and including 
such departures from the present disclosure as come 
within known or customary practice within the art to 
which the invention pertains and as many be applied to 

15 the essential features hereinbefore set forth, and as 
follows in the scope of the appended claims. 
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e Culture Collection 



12301 P.rkl.wn Drive • RockviUe, MD 20S52 USA • Telephone: 301.231 5519 or 231-5532 • FAX: 301-816-4366 



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depositor or Attorney) 

BCM Developpement Inc. 
Attn: Nathalie Landry 
125 rue Dalhousie, suite 218 
Quebec Canada G1K 4C5 



I 



'D 3 0 MAR 1999 



(WIPO P C T 



Deposited on Behalf of: BCM Developpement 

Identification Reference by Depositor: 

Bacillus cereus ssp. taxi 
Bacillus megaterium ssp. taxi 
Curtobacterium sp. BCM 5 
Pantoea sp. BCM2 
Bacillus megaterium BCM 9 
Bacillus cereus BCM4 



ATCC Designation 

202061 
202062 
202063 
202064 
202065 
202066 



The deposits were accompanied by: a scientific description X a proposed taxonomic description 

indicated above. The deposits were received December 1 2. 1 997 by this International Depository Authority 
and have been accepted. 

AT YOUR REQUEST: X_ We will not inform you of requests for the strains. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures should die or be destroyed during the effective term of the deposit, it shall be your responsibility 
to replace them with living cultures of the same. 

The strains will be maintained for a period of at least 30 years from date of deposit, or five years after the 
most recent request for a sample, whichever is longer. The United States and many other countries are 
signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested December 18,1 997 . On that date, the cultures were 
viable. 



international Depository Authority: American Type Culture Collection, RockviUe, Md. 20852 USA 



Signature of person having authority to represent ATCC: 

Barbara M. Hailey, Administrator, Pateni^Depository 
cc: France Cote 



Date: December 18, 1997 
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| American Type Culture Collection 




12301 Parktewn Drive • Rock Wile, MD 20852 USA • Telephone: 301.231 5519 or 231-5532 • FAX: 301-116-4366 



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 
RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depositor or Attorney) 

BCM Developpement inc. 
Attn: Nathalie Landry 
125 rue Dalhousie, suite 218 
Quebec Canada G1K 4C5 

Deposited on Behalf of: BCM Developpement 

Identification Reference by Depositor: ATCC Designation 

Sphingomonas taxi D201 202067 
Sphingomonas taxi D200 202068 
Sphinogomonas sp. BCM7 202069 
Pantoea sp. BCM3 202070 
Pantoea sp. BCM1 202071 
Bacillus subtWs ssp. taxi 202072 

The deposits were accompanied by: a scientific description X a proposed taxonomic description 

indicated above. The deposits were received December 12, 1997 by this International Depository Authority 
and have been accepted. 

AT YOUR REQUEST: X_ We will not inform you of requests for the strains. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strains, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strains. 

If the cultures should die or be destroyed during the effective term of the deposit, it shall be your responsibility 
to replace them with living cultures of the same. 

The strains will be maintained for a period of at least 30 years from date of deposit, or five years after the 
most recent request for a sample, whichever is longer. The United States and many other countries are 
signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested December 18, 1997 . On that date, the cultures were 
viable. 

International Depository Authority: American Type Culture Collection, Rockville, Md. 20852 USA 
Signature of person having authority to represent ATCC: 




Date: December 18. 1997 



cc: 



France Cote 
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WHAT IS CLAIMED IS 2 



1. A process for producing a taxane, which com- 
prises the steps of: 

a) culturing at least one bacteria isolated from 
plant species of Taxus in growth- supporting 
nutrient medium capable of promoting growth and 
reproduction of said bacteria, and wherein said 
culturing is effected for a time sufficient to 
allow production of a taxane; and 

b) recovering a taxane from said bacteria or medium 
of step a) . 

2. The process of claim 1, wherein the plant spe- 
cies of Taxus is of the species selected from the group 
consisting of but not limited to Taxus canadensis, T. 
brevi folia, T, Jbaccata, T. hunnewelliana or T. cuspi- 
da ta . 

3. The process of claim 1, wherein said bacteria is 
of the genus selected from the group consisting of 
Sphingomonas , Bacillus , Pantoea, and Curtobacterium. 

4. The process of claim 1, wherein said taxane pro- 
duced is paclitaxel. 

5. The process of claim 1, wherein said taxane is 
selected from the group consisting of paclitaxel, 10- 
deace tylcephalomannine , 7 -epitaxol , 10 - deacetyl - 7 -epi - 
taxol , 7-epicephal omann i ne , baccatin III, 10-deacetyl- 
baccatin III, cephalomannine , 7 -epibaccatin III, 7- 



SUBSTITUTE SHEET (RULE 26) 



WO 99/32651 



- 44 - 



PCT/CA98/01150 



xylosyltaxol , 7 -xylosyl -cephalomannine , taxagif ine , 5- 
benzoyloxy taxagif ine , 9-acetyloxy taxusin, 9-hydroxy 
taxusin, taxane la, taxane lb, taxane Ic, taxane Id and 
any taxane corresponding to Formula I : 




I 



wherein R lf R 2 , R 3 , R 4/ R 5 , R 6 , R 7 / R a/ R */ R ic R n' R i2/ 
R 13 , R 14/ R 15 , R 16 , R 17 are defined in Table 1. 
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6. A bacterial taxane having the characterizing 
ultraviolet spectrum and the specific retention time 
shown in Fig. 13, and the EI spectrum shown in Fig. 
14A. 

7. The process of claim 1, wherein the taxane pro- 
duced having the characterizing ultraviolet spectrum 
and the specific retention time shown in Fig. 13, and 
the EI spectrum shown in Fig. 14A. 

8. The process of claim 1, wherein the bacteria is 
Bacillus cereus ssp . taxi. 

9. The process of claim 1, wherein the bacteria is 
Bacillus megaterium ssp. taxi. 

10. The process of claim 1, wherein the bacteria is 
Pantoea sp . BCM 1. 

11. The process of claim 1, wherein the bacteria is 
Pantoea sp . BCM 2. 

12. The process of claim 1, wherein the bacteria is 
Pantoea sp . BCM 3. 

13. The process of claim 1, wherein the bacteria is 
Bacillus cereus ssp. BCM 4. 

14. The process of claim 1, wherein the bacteria is 
Bacillus subtilis ssp. taxi. 
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15. The process of claim 1, wherein the bacteria is 
Bacillus megaterium ssp. BCM 9. 

16. The process of claim 1, wherein the bacteria is 
Curtojbactejriu/T] sp . BCM 5. 

17. The process of claim 1, wherein said growth-sup- 
porting nutrient medium include carbon sources, nitro- 
gen sources, amino acids, vitamins and minerals. 

18. A process for producing biotransf ormed taxanes, 
which comprises the steps of: 

a) culturing at least one bacteria isolated from 
plant species of Taxus in growth- supporting 
nutrient medium supplemented with pro- taxanes, 
and wherein said culturing is effected for a 
time sufficient to allow the biotransformation 
of pro- taxanes into taxanes; and 

b) recovering at least one from said bacteria or 
medium of step a) . 

19. The process of claim 18, wherein said taxane is 
selected from the group consisting of paclitaxel, 10- 
deacetylcephalomannine , 7 - epi taxol , 1 0 -deacetyl - 7 - 
epitaxol, 7 -epicephalomannine , baccatin III, 10-deace- 
tylbaccatin III, cephalomannine , 7-epibaccat in III, 7- 
xylosyltaxol , 7 -xylosyl - cephalomannine , taxagif ine , 5- 
benzoyloxy taxagif ine, 9-acetyloxy taxusin, 9-hydroxy 
taxus in, taxane la, taxane lb, taxane Ic, taxane Id and 
any taxane corresponding to Formula I : 
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R io 



wherein R x , R 2 , R 3 , R 4 , R 5 , R 6 ,R 7 / R e / R 9 * R io / R n ' R i2 # R i3 
,R 14 , R 15 ,R 16 , R 17 are defined in Table 1, 
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20. The process of claim 19, wherein said pro-tax- 
anes are isolated from any species of Taxus . 

21. The process of claim 19, wherein said pro-tax- 
anes are isolated from Taxus canadensis . 

22. The process of claim 19, wherein the bacteria is 
Bacillus cereus ssp. taxi. 

23. The process of claim 19, wherein the bacteria is 
Bacillus megaterium ssp. taxi. 

24. The process of claim 19, wherein the bacteria is 
Pantoea sp. BCM 1. 

25. The process of claim 19, wherein the bacteria is 
Pantoea sp . BCM 2. 

26. The process of claim 19, wherein the bacteria is 
Pantoea sp. BCM 3. 

27. The process of claim 19, wherein the bacteria is 
Bacillus cereus ssp. BCM 4. 

28. The process of claim 19, wherein the bacteria is 
Bacillus subtilis ssp. taxi. 

29. The process of claim 19, wherein the bacteria is 
Bacillus megaterium ssp. BCM 9. 

30. The process of claim 19, wherein the bacteria is 
Curtobacterium sp . BCM 5. 
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31. A process for isolating taxanes and paclitaxel 

producing bacteria from a yew tree, which comprises the 
steps of: 

a) disinfecting the surface of a yew tree plant 
part with a suitable disinfectant; 

b) cutting and disrupting the disinfected plant 
part ; 

c) leaching out bacteria with an appropriate sol- 
vent from the part of step c) ; 

d) culturing said leached bacteria on a solid 
growth- supporting nutrient medium for a time 
sufficient to allow formation of visible iso- 
lated colonies; and 

e) screening said isolated colonies for production 
of taxanes and paclitaxel. 

32. The process of claim 31, wherein the disinfec- 
tant used is ethanol at concentration varying from 3 5% 
to 99%. 

33. The process of claim 31, wherein the solvent to 
leach out bacteria is water. 

34. The process of claim 31, wherein the solid 
growth- supporting nutrient medium for isolating colo- 
nies is selected from the group consisting of R2A agar 

(Dif co) and Sabouraud (Difco) . 

35. The process of claim 31, wherein screening of 
isolated bacteria for taxanes and paclitaxel production 
comprises the steps of: 
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a) culturing said isolated bacteria in 500 ml of a 
growth- supporting liquid nutrient medium at tem- 
perature ranging from 2 0 to 35 °C with constant 
shaking until sufficient growth is achieved; 

b) obtaining the culture medium supernatant or the 
cells and extracting it with appropriate organic 
solvents selected from methylene chloride and 
ethyl acetate; 

c) analyzing said organic extracts by a method 
suitable for detection of taxanes and pacli- 
taxel . 

36. The process of claim 35, wherein the method to 
detect taxanes and paclitaxel in extracts uses HPLC 
retention times on a hydrophobic chromatographic matrix 
and ultraviolet spectra to identify taxanes and pacli- 
taxel in comparison with standards. 

37. The process of claim 35, wherein the method to 
detect taxanes and paclitaxel in extracts uses cytotox- 
icity on cancer cell lines. 

38. The process of claim 35, wherein the method to 
detect taxanes in extracts uses mass spectrometry to 
identify paclitaxel and taxanes based on molecular 
weights fragments and/or total molecule. 



39. The process of claim 35, wherein the method to 
detect taxanes and paclitaxel in extracts uses antibod- 
ies raised against taxanes and paclitaxel. 

40. The process of claim 35, wherein the method to 
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detect taxanes and paclitaxel uses an in vitro assay 
monitoring interaction of taxanes with tubulin. 

41. a process for improving biotransformation, of 
pro-taxanes into taxanes and paclitaxel by taxanes and 
paclitaxel -producing bacteria comprising the steps of-: 

a) culturing bacteria in the presence of a muta- 
genic agent for a time sufficient to allow muta- 
genesis ; and 

b) selecting said mutants by a change of the phe- 
notype which results in an increased biotrans- 
formation of pro-taxanes into taxanes and pacli- 
taxel . 

42. The process of claim 41, wherein the mutagenic 
agent is a chemical agent. 

43. The process of claim 41, wherein the chemical 
agent is daunorubicin or nitrosoguanidine . 

44. The process of claim 41, wherein the mutagenic 
agent is a physical agent selected from gamma radiation 
or ultraviolet. 

45. The process of claim 41, wherein the mutagenic 
agent is a biological agent. 

46. The process of claim 45, wherein the biological 
agent is a transposon . 

47. A method of bacterial biotransformation of pro- 
taxanes into taxanes and paclitaxel thereof which com- 
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prises the steps of : 

a) incubating the mutated bacteria obtained accord- 
ing to the process of claim 41 in a nutrient 
medium, and wherein said incubation is effected 
in the presence of pro-taxanes for a time suffi- 
cient to allow production of taxanes and pacli- 
taxel; and 

b) isolating said produced taxanes and paclitaxel 
thereof from said culturing medium of step a) . 

48. The process of claim 43, wherein the bacteria 
used is Sphingomonas taxi D200. 

49. The process of claim 43, wherein the bacteria 
used is Sphingomonas taxi D201. 

50. The process of claim 43, wherein the mutated 
bacterium is isolated from a Taxus species and is of 
the genus of Sphingomonas, Bacillus, Pantoea or Curto- 
bacterium. 

51. A biologically pure culture of a bacteria of 
genus Sphingomonas, Bacillus, Pantoea or Curtobacte- 
rium, which is isolated from Taxus canadensis, and 
wherein said bacteria is characterized by the produc- 
tion of taxane and paclitaxel in a culture media. 

52. The biologically pure culture of the bacteria of 
claim 51, which is Sphingomonas taxi, Bacillus cereus 
ssp. taxi, Bacillus megaterium ssp. taxi, Pantoea sp . 
BCM 1, Pantoea sp . BCM 2, Pantoea sp . BCM 3, Bacillus 
cereus ssp. BCM 4, Bacillus subtilis ssp. taxi, Bacil- 
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lus megaterium ssp. BCM 9 and Curtobacterium sp. BCM 5. 

53. The biologically pure culture of the bacteria of 
claim 51, wherein the bacteria is of the genus Sphingo- 
monas, belonging to the alpha subdivision of Proteobac- 
teria. 

54. The biologically pure culture of the bacteria of 
claim 51, wherein the bacteria is of the genus Bacillus 
belonging to the low G+C Gram positive bacteria. 

55. The biologically pure culture of the bacteria of 
claim 51, wherein the bacteria is of the genus Pantoea, 
belonging to the gamma subdivision of Proteobacteria . 

56. The biologically pure culture of the bacteria of 
claim 51, wherein the bacteria is of the genus is iso- 
lated from a Taxus species and is of the genus Curto- 
bacterium, belonging to the Act inomycetes order of the 
f irmicutes . 

57. The biologically pure culture of the bacteria of 
claim 51, wherein said bacteria is mutated and is 
Sphingomonas taxi D2 0 0 or Sphingomonas taxi D201. 
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SEQUENCE LISTING 

<110> BCM Developpement Inc. 
PAGE , Michel 
LANDRY , Nathalie 
BOISSINOT, Maurice 
HELIE , Marie -Claude 
HARVEY , Mario 
GAGNE, Martin 



<12 0> BACTERIAL MASS PRODUCTION OF TAXANES AND 
PACL I T AXEL 

<130> 12637-2PCT FC/ld 

<150> US 08/995,960 
<151> 1997-12-22 

<160> 13 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 1556 
<212> DNA 

<213> Sphingomonas taxi 
<400> 1 

atgattacgc caagctattt aggtgacact atagaatact caagctatgc atccaacgcg 60 

ttgggagctc tcccatatgg tcgacctgca ggcggccgca ctagtgatta gagtttgatc 120 

ctggctcaga acgaacgctg gcggcatgcc taacacatgc aagtcgaacg agatcttcgg 180 

atctagtggc gcacgggtgc gtaacgcgtg ggaatctgcc ctttggttcg gaataacagt 240 

tggaaacgac tgctaatacc ggatgatgac gtaagtccaa agatttatcg ccagaggatg 3 00 

agcccgcgta ggattagcta gttggtgtgg taagagcgca ccaaggcgac gatccttagc 360 

tggtctgaga ggatgatcag ccacactggg actgagacac ggcccagact cctacgggag 420 

gcagcagtgg ggaatattgg acaatgggcg aaagcctgat ccagcaatgc cgcgtgagtt 4 80 

gatgaaagcc ttaggttgtt aaagctcttt tacccgggaa tgataatgac agtaccggga 54 0 

gaataagctc cggctaactc cgtgccagca gccgcggtaa tacggaagga gctagcgttg 600 
ttcggaatta ctgggcgtaa agcgcacgta ggcggctttg taagttagag gtgaaagcct 66 0 
ggagctcaac tccagaattg cctttaagac tgcatcgctt gaatccagga gaggtgagtg 72 0 
gaattccgag tgtagaggtg aaattcgtag atattcggaa gaacaccagt ggcgaaggcg 7 80 
gctcactgga ctggtattga cgctgaggtg cgaaagcgtg gggagcaaac aggattagat 84 0 
accctggtag tccacgccgt aaacgatgat aactagctgt ccggggactt ggtctttggg 900 
tggcgcagct aacgcattaa gttatccgcc tggggagtac ggccgcaagg ttaaaactca 960 

aatgaattga cgggggcctg cacaagcggt ggagcatgtg gtttaattcg aagcaacgcg 102 0 

cagaacctta ccagcgtttg acatgtccgg acgatttctg gagacagatc tcttcccttc 1080 

ggggactgga acgcaggtgc tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt 114 0 

aagtcccgca acgagcgcaa ccctcgcctt tagttaccat catttagttg gggactctaa 1200 

aggaaccgcc ggtgataagc cggaggaagg tggggatgac gtcaagtcct catggccctt 1260 

acgcgctggg ctacacacgt gctacaatgg cggtgacagt gggcagcaaa ctcgcgagag 132 0 

tgcgctaatc tccaaaagcc gtctcagttc ggattgttct ctgcaactcg agagcatgaa 1380 

ggcggaatcg ctagtaatcg cggatcagca tgccgcggtg aatacgttcc caggccttgt 144 0 

acacaccgcc cgtcacacca tgggagttgg gttcacccga aggcgttgcg ctaactcgta 1500 

agagaggcag gcgaccacgg tgggcttagc gactggggtg aagtcgtaac aaggta 1556 
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<210> 2 
<211> 1512 
<212> DNA 

<213> Bacillus cereus ssp. taxi 
<400> 2 

agagtttgat catggctcag gatgaacgct ggcggcgtgc ctaatacatg caagtcgagc 60 

gaatggatta agagcttgct cttatgaagt tagcggcgga cgggtgagta acacgtgggt 12 0 

aacctaccca taagactggg ataactccgg gaaaccgggg ctaataccgg ataatatttt 180 

gaactgcata gttcgaaatt gaaaggcggc ttcggctgtc acttatggat ggacccgcgt 240 

cgcattagct agttggtgag gtaacggctc accaaggcga cgatgcgtag ccgacctgag 300 

agggtgatcg gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagta 360 

gggaatcttc cgcaatggac gaaagtctga cggagcaacg ccgcgtgagt gatgaaggct 420 

ttcgggtcgt aaaactctgt tgttagggaa gaacaagtgc tagttgaata agctggcacc 480 

ttgacggtac ctaaccagaa agccacggct aactacgtgc cagcagcccg cggtaatacg 540 

taggtggcaa gcgttatccg gaattattgg gcgtaaagcg cgcgcaggtg gtttcttaag 600 

tctgatgtga aagcccacgg ctcaaccgtg gagggtcatt ggaaactggg agacttgagt 660 

gcagaagagg aaagtggaat tccatgtgta gcggtgaaat gcgtagagat atggaggaac 72 0 

accagtggcg aaggcgactt tctggtctgt aactgacact gaggcgcgaa agcgtgggga 780 
gcaaacagga ttagataccc tggtagtcca cgccgtaaac gatgagtgct aagtgttaga 
gggtttccgc cctttagtgc tgaagttaac gcattaagca ctccgcctgg ggagtacggc 

cgcaaggctg aaactcaaag gaattgacgg gggcccgcac aagcggtgga gcatgtggtt 960 

taattcgaag caacgcgaag aaccttacca ggtcttgaca tcctctgaaa actctagaga 1020 

tagagcttct ccttcgggag cagagtgaca ggtggtgcat ggttgtcgtc agctcgtgtc 1080 

gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt gatcttagtt gccatcatta 1140 

agttgggcac tctaaggtga ctgccggtga caaaccggag gaaggtgggg atgacgtcaa 1200 

atcatcatgc cccttatgac ctgggctaca cacgtgccac aatggacggt acaaagagct 1260 

gcaagaccgc gaggtggagc taatctcata aaaccgttct cagttcggat tgtaggctgc 132 0 

aactcgccta catgaagctg gaatcgctag taatcgcgga tcagcatgcc gcggtgaata 1380 

cgttcccggg ccttgtacac accgcccgtc acaccacgag agtttgtaac acccgaagtc 144 0 

ggtggggtaa cctttatgga gccagccgcc taaggtggga cagatgattg gggtgaagtc 1500 

gtaacaaggt aa 1512 



840 
900 



<210> 3 
<211> 1515 
<212> DNA 

<213> Bacillus megaterium ssp. taxi 
<400> 3 

agagtttgat cctggctcag gatgaacgct ggcggcgtgc ctaatacatg caagtcgagc 60 

gaactgatta gaagcttgct tctatgacgt tagcggcgga cgggtgagta acacgtgggc 12 0 

aacctgcctg taagactggg ataacttcgg gaaaccgaag ctaataccgg ataggatctt 18 0 

ctccttcatg ggggatgatt gaaagatggt ttcggctatc acttacagat gggcccgcgg 24 0 

tgcattagct agttggtgag gtaacggctc accaaggcaa cgatgcatag ccgacctgag 300 

agggtgatcg gccacactgg gactgagaca cggcccaaac tcctacggga ggcagcagta 360 

gggaatcttc cgcaatggac gaaagtctga cggagcaacg ccgcgtgagt gatgaaggct 42 0 

ttcgggtcct aaaactctgt tgttngggaa gaacaaatac cagagtaact gcttgttcct 480 

tgacggtacc taaccagaaa gccacggcta actactttcc agcagccgcg gtaatacnta 540 

tgttggcaag cgttatccgg aattattggg gcgttaaagc gcgcgccagg cggtttctta 600 

agtctgatgt gaaagcccac ggctcaaccg tggagggtca ttggaaactg gggaacttga 660 

gtgcagaaga gaaaagcgga attccacgtg tagcggtgaa atgcgtagag atgtggagga 720 

acaccagtgg cgaaggcggc tttttggtct gtaactgacg ctgaggcgcg aaagcgtggg 780 

gagcaaacag gattagatac cctggtagtc cacgccgtaa acgatgagtg ctaagtgtta 840 

gagggtttcc gccctttagt gctgcagcta acgcattaag cactccgcct ggggagtacg 900 

gtcgcaagac tgaaactcaa aggaattgac gggggcccgc acaagcggtg gagcatgtgg 960 

tttaattcga agcaacgcga araaccttac caggtcttga catcctctga caactctaga 1020 
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gatagagcgt tccccttcgg gggacagagt gacaggtggt gcatggttgt cgtcagctcg 1080 

tgtcgtgaga tgttgggtta agtcccgcaa cgagcgcaac ccttgatctt agttgccagc 1140 

atttagttgg gcactctaag gtgactgccg gtgacaaacc ggaggaaggt ggggatgacg 12 00 

tcaaatcatc atgcccctta tgacctgggc tacacacgtg ctacaatgga tggtacaaag 1260 

ggctgcaaga ccgcgaggtc aagccaatcc cataaaacca ttctcagttc ggattgtagg 1320 

ctgcaactcg cctacatgaa gctggaatcg ctagtaatcg cggatcagca tgccgcggtg 1380 

aatacgttcc cgggccttgt acacaccgcc cgtcacacca cgagagtttg taacacccga 1440 

agtcggtgga gtaaccgtaa ggagctagcc gcctaaggtg ggacagatga ttggggtgaa 1500 

gtcgtaacaa ggtaa 1515 



<210> 4 
<211> 1451 
<212> DNA 

<213> Pantoea sp . BCM 1 
<400> 4 

tcgggacggt cagcacacga ggagcttgct ccttgggtga cgagtggcgg acgggtgagt 60 

aatgtctggg gatctgcccg atanaggggg ataaccactg gaaacggtgg ctaataccgc 120 

ataacgtcgc aagaccaaag agggggacct tcgggcctct cactatcgga tgaacccaga 180 

tgggattagc fagtangcgg ggtaatggcc cacctaggcg acgatcccta nctggtctga 240 

gaggatgacc agccacactg gaactgagac acggtccana ctcctacggg aggcagcagt 3 00 

ggggaatatt gcacaatggg cgcaagcctg atgcagccat gccgcgtgta tgaagaaggc 360 

cttcgggttg taaagtactt tcagcgggga ggaaggcgat gcggttaata accctgtcga 42 0 

ttgacgttcc ccgcangaag aagcaccggc taactccgtg ccagcagccg cggtaatacc 4 80 

ggagggtgca agcgttaatc cggaattact gggcgtaaag cgcacgcagg cggtctgtta 54 0 

agtcagatgt gaaatccccg ggcttaacct gggaactgca tttgaaactg gcaggcttga 600 

gtcttgtaga ggggggtaga attccaggtg tagcggtgaa atgcgtagag atctggagga 6 60 

ataccggtgg cgaaggcggc cccttggaca aagactgacg ctcaggtgcg aaagcgtggg 72 0 

gagcaaacag gattagatac cctggtagtc cacgccgtaa acgatgtcga cttggaggtt 780 

gttcccttga ggagtggctt ccggagctaa cgcgttaagt cgaccgcctg gggagtacgg 840 

ccgcaaggtt aaaattcaaa tgaattgacg ggggcccgca caagcggtgg agcatgtggt 900 

ttaattcgat gcaacgcgaa gaaccttacc tactcttgac atccagcgaa cttgccagag 960 

atggattggt gccttcggga acgctgagac aggtgctgca tggctgtcgt cagctcgtgt 102 0 

tgtgaaatgt tgggttaagt cccgcaacga gcgcaaccct tatcctttgt tgccagcgat 1080 

tcggtcggga actcaaagga gactgccggt gataaaccgg aggaaggtgg ggatgacgtc 114 0 

aagtcatcat ggcccttacg agtagggcta cacacgtgct acaatggcgc atacaaagag 1200 

aagcgacctc gcgagagcaa gcggacctca caaagtgcgt cgtagtccgg atcggagtct 1260 

gcaactcgac tccgtgaagt cggaatcgct agtaatcgtg gatcagaatg ccacggtgaa 1320 

tacgttcccg ggccttgtac acaccgcccg tcacaccatg ggagtgggtt gcaaaagaag 1380 

taggtagctt aaccttcggg agggcgctta ccactttgtg attcatgact ggggtgaagt 1440 

cgtaacaagt a 1451 



<210> 5 
<211> 1513 
<212> DNA 

<213> Bacillus cereus ssp. BCM 4 
<400> 5 

agagtttgat cctggctcag gatgaacgct ggcggcgtgc ctaatacatg caagtcgagc 60 

gaatggattg agagcttgct ctcaagaagt tagcggcgga cgggtgagta acacgtgggt 12 0 

aacctgccca taagactggg ataactccgg gaaaccgggg ctaataccgg ataacatttt 180 

gaactgcatg gttcgaaatt gaaaggcggc ttcggctgtc acttatggat ggacccgcgt 24 0 

cgcattagct agttggtgag gtaacggctc accaaggcaa cgatgcgtag ccgacctgag 300 

agggtgatcg gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagta 360 

gggaatcttc cgcaatggac gaaagtctga cggagcaacg ccgcgtgagt gatgaaggct 420 
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ttcgggtcgt aaaactctgt tgttagggaa gaacaagtgc tagttgaata agctggcacc 4 80 

ttgacggtac ctaaccagaa agccacggct aactacgtgc cagcagccgc ggtaatacgt 54 0 

aggtggcaag cgttatccgg aattattggg cgtaaagcgc gcgcaggtgg tttcttaggt 600 

ctgatgtgaa agcccacggc tcaaccgtgg agggtcattg gaaactggga gacttgagtg 660 

cagaagagga aagtggaatt ccatgtgtag cggtgaaatg cgtagagata tggaggaaca 72 0 

ccagtggcga aggcgacttt ctggtctgta actgacactg aggcgcgaaa gcgtggggag 780 

caaacaggat tagataccct ggtagtccac gccgtaaacg atgagtgcta agtgttagag 84 0 

ggtttccgcc ctttagtgct gaagttaacg cattaagcac tccgcctggg gagtacggcc 900 

gcaaggctga aactcaaagg aattgacggg ggcccgcaca agcggtggag catgtggttt 960 

aattcgaagc aacgcgaaga accttaccag gtcttgacat cctctgaaaa ccctagagat 1020 

agggcttctc cttcgggagc agagtgacag gtggtgcatg gttgtcgtca gctcgtgtcg 1080 

tgagatgttg ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccatcattaa 1140 

gttgggcact ctaaggtgac tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa 12 00 

tcatcatgyc ccttatgacc tgggctacac acgtgctaca atggacggta caaagagctg 1260 

caagaccgcg aggtggagct aatctcataa aaccgttctc agttcrgatt gtaggctgca 1320 

actcgcctac atgaagctgg aatcgctagt aatcgcggat cagcatgccg cggtgaatac 1380 

gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg 1440 

gtggggtaac ctttttggag ccagccgcct aaggtgggac agatgattgg ggtgaagtcg 1500 

taacaaggta gcc 1513 



<210> 6 
<211> 1512 
<212> DNA 

<213> Bacillus subtilis ssp. taxi 
<400> 6 

agagtttgat cctggctcag gacgaacgct ggcggcgtgc ctaatacatg caagtcgagc 60 

gaacagatgg gagcttgctc cctgatgtta gcggcggacg ggtgagtaac acgtgggtaa 120 

cctgcctgta agactgggat aactccggga aatcggggct aataccggat ggttgtttga 180 

accgcatggt tcagacataa aaggtggctt cggctaccac ttacagatgg acccgcggcg 240 

cattagctag ttggtgaggt aacggctcac caaggcgacg atgcgtagcc gacctgagag 300 

ggtgatcggc cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtagg 360 

gaatcttccg caatggacga aagtctgacg gagcaacgcc gcgtgagtga tgaaggtttt 42 0 

cggatcgtaa agctctgttg ttagggaaga acaagtgccg ttcaaatagg gcggcacctt 480 

gacggtacct aaccagaaag ccacggctaa ctacgtgcca gcagccgcgg taatacgtag 54 0 

gtggcaagcg ttgtccggaa ttattgggcg taaagggctc gcaggcggtt tcttaagtct 600 

gatgtgaaag cccccggttc aacgggggag ggtcattgga aactggggaa cttgagtgca 660 

gaagaggaga gtggaattcc acgtgtagcg gtgaaatgcg tagagatgtg gaggaacacc 720 

agtggcgaag gcgactctct ggtctgtaac tgacgctgag gagcgaaagc gtggggagcg 7 80 

aacaggatta gataccctgg tagtccacgc cgtaaacgat gagtgctaag tgttaggggg 840 

tttccgcccc ttagtgctgc agctaacgca ttaagcactc cgcctgggga gtacggtcgc 900 

aagactgaaa ctcaaaggaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa 960 

ttcgaagcaa cgcgaagaac cttaccaggt cttgacatcc tctgacaatc ctagagatag 1020 

gacgtcccct tcgggggcag agtgacaggt ggtgcatggt tgtcgtcagc tcgtgtcgtg 1080 

agatgttggg ttaagtcccg caacgagcgc aacccttgat cttagttgcc agcattcagt 1140 

tgggcactct aaggtgactg ccggtgacaa accggaggaa ggtggggatg acgtcaaatc 1200 

atcatgcccc ttatgacctg ggctacacac gtgctacaat gggcagaaca aagggcagcg 1260 

aaaccgcgag gttaagccaa tcccacaaat ctgttctcag ttcggatcgc agtctgcaac 1320 

tcgactgcgt gaagctggaa tcgctagtaa tcgcggatca gcatgccgcg gtgaatacgt 1380 

tcccgggcct tgtacacacc gcccgtcaca ccacgagagt ttgtaacacc cgaagtcggt 144 0 

gaggtaacct ttatggagcc agccgccgaa ggtgggacag atgattgggg tgaagtcgta 1500 

acaaggtaac eg 1512 
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<210> 7 
<211> 1458 
<212> DNA 

<213> Pantoea sp . BCM 2 



<400> 7 

gcctaacagt gcgagtcgga cggtagcaca gaggagcttg ctcttcgggt gacgagtggc 60 

ggacgggtga gtaatgtctg gggatctgcc cgatggaggg ggataaccac tggaaacggt 12 0 

ggctaatacc gcataatgtc gcaagaccaa agtgggggac cttcgggcct cacaccatcg 180 

gatgaaccca gatgggatta gctagtaggt ggggtaacgg ctcacctagg cgacgatccc 240 

tagctggtct gagaggatga ccagccacac tggaactgag acacggtcca gactcctacg 3 00 

ggaggcagca gtggggaata ttgcacaatg ggcgcaagcc tgatgcagcc atgccgcgtg 360 

tatgaagaag gccttcgggt tgtaaagtac tttcancggg gaggaagggg acgaggttaa 42 0 

taaccccgtt cattgacgtt acccgcagaa gaagcaccgg ctaactccgt gccagcagcc 480 

gcggtaatac ggagggtgca agcgttaatc ggaattactg ggcgtaaagc gcacgcaggc 540 

ggtctgttaa gtcagatgtg aaatccccgg gcttaacctg ggaactgcat ttgaaactgg 600 

caggcttgag tcttgtagag gggggtagaa ttccaggtgt agcggtgaaa tgcgtagaga 660 

tctggaggaa taccggtggc gaaggcggcc ccctggacaa agactgacgt tcaggtgcga 72 0 

aagcgtgggg agcaaacagg attagatacc ctggtagtcc acgccgtaaa cgatgtcgac 780 

ttggaggctg tgagcatgat tcgtggcttc cggagctaac gcgttaagtc gaccgcctgg 84 0 

ggagtacggc cgcaaggtta aaattcaaat gaattgacgg gggcccgcac aagcggtgga 900 

gcatgtggtt taattcgatg caacgcgaag aaccttacct gytcttgaca tccacggaat 960 

tyggcagaga tgccttagtg ccttcgggaa ccgtgagaca ggtgctgcat ggctgtcgtc 102 0 

agctcgtgtt gtgaaatgtt gggttaagtc ccgcaacgag cgcaaccctt atcctttgtt 1080 

gccagcgatt cggtcgggaa ctcaaaggag actgccggtg ataaaccgga ggaaggtggg 114 0 

gatgacgtca agtcatcatg gcccttacga gcagggctac acacgtgcta caatggcgca 1200 

tacaaagaga agcgacctcg cgagagcaag cggacctcac aaagtgcgtc gtagtccgga 1260 

tcggagtctg caactcgact ccgtgaagtc ggaatcgcta gtaatcgtgg atcagaatgc 1320 

cacggtgaat acgttcccgg gccttgtaca caccgcccgt cacaccatgg gagtgggttg 1380 

caaaagaagt aggtagctta accttcggga gggcgcttac cactttgtga ttcatgactg 1440 

gggtgaagtc gtaacaag 1458 



<210> 8 
<211> 1451 
<212> DNA 

<213> Pantoea sp . BCM 3 



<400> 8 

agtgcgagtc ggacggtagc acagagagct tgctcttggg tgacgagtgg cggacgggtg 60 

agtaatgtct ggggatctgc ccgatagagg gggataacca ctggaaacgg tggctaatac 12 0 

cgcataacgt cgcaagacca aagaggggga ccttcgggcc tctcactatc ggatgaaccc 180 

agatgggatt agctagtagg cggggtaatg gcccacctag gcgacgatcc ctagctggtc 240 

tgagaggatg accagccaca ctggaactga gacacggtcc agactcctac gggaggcagc 3 00 

agtggggaat attgcacaat gggcgcaagc ctgatgcagc catgccgcgt gtatgaagaa 360 

ggccttcggg ttgtaaagta ctttcagcgg ggaggaaggc gatgcggtta ataaccctgt 42 0 

cgattgacgt tacccgcaga agaagcaccg gctaactccg tgccagcagc cgcggtaata 480 

cggagggtgc aagcgttaat. cggaattact gggcgtaaag cgcacgcagg cggtctgtta 54 0 

agtcagatgt gaaatccccg ggcttaacct gggaactgca tttgaaactg gcaggcttga 600 

gtcttgtaga rgggggtaga attccaggtg tagcggtgaa atgcgtagag atctggagga 660 

ataccggtgg cgaaggcggc cccctggaca aagactgacg ctcaggtgcg aaagcgtggg 72 0 

gagcaaacag gattagatac cctggtagtc cacgccgtaa acgatgtcga cttggaggtt 780 

gttcccttga ggagtggctt ccggagctaa cgcgttaagt cgaccgcctg gggagtacgg 84 0 

ccgcaaggtt aaaattcaaa tgaattgacg ggggcccgca caagcggtgg agcatgtggt 900 

ttaattcgat gcaacgcgaa gaaccttacc tactcttgac atccacggaa ttyggcagag 960 

atgctttggt gccttcggga accctgagac aggtgctgca tggctgtcgt cagctcgtgt 102 0 

tgtgaaatgt tgggttaagt cccgcaacga gcgcaaccct tatcctttgt tgccagcgat 1080 
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tcggtcggga actcaaagga gactgccggt gataaaccgg aggaaggtgg ggatgacgtc 114 0 

aagtcatcat ggcccttacg agtagggcta cacacgtgct acaatggcgc atacaaagag 1200 

aagcgacctc gcgagagcaa gcggacctca caaagtgcgt cgtagtccgg atcggagtct 1260 

gcaactcgac tccgtgaagt cggaatcgct agtaatcgtg gatcagaatg ccacggtgaa 1320 

tacgttcccg ggccttgtac acaccgcccg tcacaccatg ggagtgggtt gcaaaagaag 13 80 

taggtagctt aaccttcggg agggcgctta ccactttgtg attcatgact ggggtgaagt 1440 

cgtaacaagt a 1451 



<210> 9 
<211> 1513 
<212> DNA 

<213> Bacillus megaterium ssp. BCM 9 



<400> 9 

agagtttgat catggctcag gatgaacgct 
gaactgatta gaagcttgct tctatgacgt 
aacctgcctg taagactggg ataacttcgg 
ctccttcatg ggagatgatt gaaagatggt 
tgcattagct agttggtgag gtaacggccc 
agggtgatcg gccacactgg gactgagaca 
gggaatcttc cgcaatggac gaaagtctga 
ttcgggtcgt aaaactctgt tgttagggaa 
tgacggtacc taaccagaaa gccacggcta 
ggtggcaagc gttatccgga attattgggc 
ctgatgtgaa agcccacggc tcaaccgtgg 
gcagaagaga aaagcggaat tccacgtgta 
accagtggcg aaggcggctt tttggtctgt 
gcaaacagga ttagataccc tggtagtcca 
gggtttccgc cctttagtgc tgcagctaac 
cgcaagactg aaactcaaag gaattgacgg 
taattcgaag caacgcgaag aaccttacca 
tagagctttc cccttcgggg gacagagtga 
tcgtgagatg ttgggttaag tcccgcaacg 
ttagttgggc actctaaggt gactgccggt 
aaatcatcat gccccttatg acctgggcta 
ctgcaagacc gcgaggtcaa gccaatccca 
gcaactcgcc tacatgaagc tggaatcgct 
tacgttcccg ggccttgtac acaccgcccg 
tcggtggagt aaccgtaagg agctagccgc 
cgtaacaagg tag 



ggcggcgtgc ctaatacatg caagtcgagc 60 

tagcggcgga cgggtgagta acacgtgggc 12 0 

gaaaccgaag ctaataccgg ataggatctt 180 

ttcggctatc acttacagat gggcccgcgg 240 

accaaggcaa cgatgcatag ccgacctgag 300 

cggcccagac tcctacggga ggcagcagta 360 

cggagcaacg ccgcgtgagt gatgaaggct 42 0 

gaacaagtac gagagtaact gctcgtacct 480 

actacgtgcc agcagccgcg gtaatacgta 54 0 

gtaaagcgcg ccgcaggcgg tttcttaagt 600 

garggtcatt ggaaactggg gaacttgagt 660 

gcggtgaaat gcgtagagat gtggaggaac 72 0 

aactgacgct gaggcgcgaa agcgtgggga 780 

cgccgtaaac gatgagtgct aagtgttaga 84 0 

gcattaagca ctccgcctgg ggagtacggt 900 

gggcccgcac aagcggtgga gcatgtggtt 960 

ggtcttgaca tcctctgaca actctagaga 1020 

caggtggtgc atggttgtcg tcagctcgtg 1080 

agcgcaaccc ttgatcttag ttgccagcat 1140 

gacaaaccgg aggaaggtgg ggatgacgtc 1200 

cacacgtgct acaatggatg gtacaaaggg 1260 

taaaaccatt ctcagttcgg attgtaggct 1320 

agtaatcgcg gatcagcatg ccgcggtgaa 13 80 

tcacaccacg agagtttgta acacccgaag 1440 

ctaaggtggg acagatgatt ggggtgaagt 1500 

1513 



<210> 10 
<211> 1452 
<212> DNA 

<213> Curtobacterium sp. BCM 5 
<400> 10 

cgctgggcgg cctgcttaac acntgcaagt cgaacgatga tgcccagctt gctgggtgga 60 

ttagtggcga acgggtgagt aacacgtgag taacctgccc ctgactctgg gataagcgtt 12 0 

ggaaacgacg tctaatactg gatatgatca ctggccgcat ggtctggtgg tggaaagatt 180 

ttttggttgg ggatggactc gcggcctatc agcttgttgg tgaggtaatg gctcaccaag 240 

gcgacgacgg gtagccggcc tgagagggtg accggccaca ctgggactga gacacggccc 3 00 

agactcctac gggaggcaac agtggggaat attgcacaat gggcgaaagc ctgatgcagc 360 

aacgccgcgt gagggatgac ggccttcggg ttgtaaacct cttttagtag ggaagaagcg 42 0 

aaagtgacgg tacctgcaga aaaagcaccg gctaactacg tgccagcagc cgcggtaata 480 
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cgtagggtgc aagcgttgtc cggaattatt gggcgtaaag agctcgtagg cggtttgtcg 540 

cgtctgctgt gaaatcccga ggctcaacct cgggcttgca gtgggtacgg gcagactaga 600 

gtgcggtagg ggagattgga attcctggtg tagcggtgga atgcgcagat accaggagga 660 

acaccgatgg cgaaggcaga tctctgggcc gtaactgacg ctgaggagcg aaagcatggg 720 

gagcgaacag gattagatac cctggtagtc catgccgtaa acgttgggcg ctagatgtag 780 

ggacctttcc acggtttctg tgtcgtagct aacgcattaa gcgccccgcc tggggagtac 840 

ggccgcaagg ctaaaactca aaggaattga cgggggcccg cacaagcggc ggagcatgcg 900 

gattaattcg atgcaacgcg aagaacctta ccaaggmttg acatacaccg gaaacggcca 960 

gagatggtcg cccccttgtg gtcggtgtac aggtggtgca tggttgtcgt cagctcgtgt 102 0 

cgtgagatgt tgggttaagt cccgcaacga gcgcaaccct cgttctatgt tgccagcggg 1080 

ttatgccggg gactcatagg agactgccgg ggtcaactcg gaggaaggtg gggatgacgt 1140 

caaatcatca tgccccttat gtcttgggct tcacgcatgc tacaatggcc ggtacaaagg 1200 

gctgcgatac cgtaaggtgg agcgaatccc aaaaagccgg tctcagttcg gattgaggtc 1260 

tgcaactcga cctcatgaag tcggagtcgc tagtaatcgc agatcagcaa cgctgcggtg 1320 

aatacgttcc cgggccttgt acacaccgcc cgtcaagtca tgaaagtcgg taacacccga 1380 

agccggtggc ctaacccttg tggaaggagc cgtcgaaggt gggatcggtg attaggacta 1440 

agtcgtaaca ag 1452 



<210> 11 
<211> 1450 
<212> DNA 

<213> Sphingomonas sp . BCM 7 



<400> 11 

agagtttgat catggctcag aacgaacgct 
gagatcttcg gatctagtgg cgcacgggtg 
ggaataacag ttggaaacga ctgctaatga 
cgccagagga tkagcccgcg taggattagc 
acgatcctta gctggtctga gargatgatc 
ctcctacggg aggcagcagt ggggaatwtt 
gccgcgtgag tgatgaaggc cttagggttg 
agtaccggga gaataagctc cggctaactc 
gctagcgttg ttcggaatta ctgggcgtaa 
gtgaaagcct ggagctcaac tccagaattg 
gaggtgagtg gaattccgag tgtagaggtg 
ggcgaaggcg gctcactgga ctggtattga 
aggattagat accctggtag tccacgccgt 
ggtctttggg tggcgcagct aacgcattaa 
ttaaaactca aatgaattga cgggggcctg 
aagcaacgcg cagaacctta ccagcgtttg 
tcttcccttc ggggactgga acacaggtgc 
atgttgggtt aagtcccgca acgagcgcaa 
gggactctaa aggaaccgcc ggtgataagc 
catggccctt acgcgctggg ctacacacgt 
ctcgcgagag tgcgctaatc tccaaaagcc 
agagcatgaa ggcggaatcg ctagtaatcg 
caggccttgt acacaccgcc cgtcacacca 
ctaactcagc aatgagaggc aggcgaccac 
acaaggtaac 



ggcggcatgc ctaacacatg caagtcgaac 60 

cgtaacgcgt gggaatctgc cctttggttc 120 

ccggatgatg acgtaagtcc aaagatttat 180 

tagttggtgt ggtaagagcg caccaaggcg 240 

agccacactg ggactgagac acggcccaga 300 

ggacaatggg cgaaagcctg atccagcaat 360 

taaagctctt ttacccggga tgataatgac 420 

cgtgccagca gccgcggtaa tacggaggga 480 

agcgcacgta rgcggctttg taagttagag 540 

cctttaagac tgcatcgctt gaatccagga 600 

aaattcgtag atattcggaa gaacaccagt 660 

cgctgaggtg cgaaagcgtg gggagcaaac 72 0 

aaacgatgat aactagctgt ccggggactt 780 

gttatccgcc tggggagtac ggccgcaagg 84 0 

cacaagcggt ggagcatgtg gtttaattcg 900 

acatgtccgg acgatttctg gagacagatc 960 

tgcatggctg tcgtcagctc gtgtcgtgag 1020 

ccctcgcctt tagttaccat catttagttg 1080 

cggaggaagg tggggatgac gtcaagtcct 114 0 

gctacaatgg cggtgacagt gggcagcaaa 12 00 

gtctcagttc ggattgttct ctgcaactcg 1260 

cggatcagca tgccgcggtg aatacgttcc 1320 

tgggagttgg gttcacccga aggcgttgcg 1380 

ggtgggctta gcgactgggg tgaagtcgta 144 0 

145 0 



<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 12 
agagtttgat cmtggctcag 

<210> 13 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<400> 13 
tacggytacc ttgttacgac tt 
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